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ABSTRACT
DIFFERENTIAL PREDICTION AND VALIDITY OF ADVANCED PLACEMENT
(AP®) FOR STUDENT SUBGROUPS
MAY 2O16

MINJI KANG LEE, B.A., KOREA UNIVERSITY
ED.M. HARVARD UNIVERSITY
M.S. UNIVERSITY OF MASSACHUSETTS AMHERST
PH.D. UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Jennifer Randall
Concerns over fairness permeates every aspect of the testing enterprise, and one
characterization of fairness in testing defined by the Standards (AERA, APA, & NCME,
1999) is a fairness as lack of bias. One important way to study bias in college admission
context concerns the degree to which prediction equations are equivalent for different
groups. To the extent that the AP variables are used together with admission test scores
and previous academic records to predict future academic achievement,
it is important to know if members of one group are systematically predicted to
obtain lower or higher grades than they actually achieve on the average (Linn,
1990, p. 309).
Many studies have investigated differential predictive validity for different groups using
high school performance and admission test scores as predictors (Linn, 1990). To this day,
minimal research attention has been directed toward differential predictive validity using
vi

Advanced Placement (AP) variables as predictors, although policy makers have begun to
treat the AP experience as an additional important prerequisite for success in college
(Breland et al., 2002). By examining the differential predictive ability of AP variables
and controlling for predictor unreliability, we can better understand the extent to which
these predictors are biased against particular groups. With this understanding, test users
can be informed of the extent to which the inferences drawn from these variables are
supported by strong validity evidence regarding fairness in admission. Against this
backdrop, the current study examines whether AP exam scores predict the first year GPA
and second year retention differently for different groups of ethnicity, gender, parental
education level, and language group, controlling for high-school-level variables using
hierarchical linear modeling.
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CHAPTER 1
INTRODUCTION TO THE STUDY
Background
Fairness in Testing
Concerns over fairness permeate every aspect of the testing enterprise. For
example, in item writing and item review processes, the presence of cultural bias is
carefully scrutinized; items are piloted so that their statistics can be examined for
differential item functioning across subpopulations; efforts are made to ensure that the
assembled tests are delivered and scored in a consistent manner that minimizes constructirrelevant variance; and scores are equated to allow for comparisons among examinees
who took different forms of a test (Holland & Wainer, 1993). In addition, various validity
checks are performed to determine whether a given test was used appropriately in light of
its goals, which might include placement, selection, certification, diagnosis, or program
evaluation (Messick, 1989). The importance of the decisions based on the results of a
given testing program, for individuals or institutions, is referred to as the stakes of the
testing program. High-stakes decisions for individuals in the context of educational
testing include retention at a grade level, graduation, or admission to a desired program.
When the stakes associated with a given test are high, it is especially important that the
inferences drawn from test scores are supported by strong validity evidence regarding
fairness.
Four Characterizations of Fairness in Testing
The Standards for Educational and Psychological Testing (AERA, APA, &
NCME, 1999) provided four characterizations of fairness in testing: (1) fairness as lack of
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bias, (2) fairness as equitable treatment in the testing process, (3) fairness as equality in
outcomes of testing, and (4) fairness as opportunity to learn. Fairness as lack of bias is
often interpreted with respect to both measurement and prediction bias. Measurement
bias, which is often called differential item/test functioning, refers to a systematic
difference across groups in expected score given the same ability level (Millsap, 1997).
Prediction bias refers to a difference across groups in expected criterion performance
given the same test score. The absence of measurement bias does not guarantee the
absence of prediction bias (Millsap, 1997), but similarity in ability variance across groups
does imply that prediction bias will be negligible if measurement bias is insubstantial.
Fairness as equitable treatment in the testing process encompasses equal opportunity to
demonstrate the measured ability, appropriate testing conditions, and accurate and
informative score reporting. Fairness as equality in outcomes of testing is often
interpreted to mean that persons who would demonstrate equal criterion performance if
selected should have equal probabilities of being chosen regardless of group membership.
Unfortunately, this ideal is hard to achieve, because tests are always imperfect predictors
of criterion performance (AERA, APA, & NCME, 1999). Of those examinees who would
perform equally well on the criterion measure, those from a group with a lower average
predictor score have a smaller chance of being selected. This is true whenever score
distributions of two groups differ and the correlation between criterion and a test is less
than perfect. For this reason, although tests were free of bias and examinees received fair
treatment during testing, tests that would lead to such differences in selection may attract
heightened scrutiny, and the law may sometimes require the provision of alternative tests
that minimize those differences. Lastly, fairness as opportunity to learn concerns whether
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examinees had adequate notice of the skills and content to be tested and equal access to
the requisite instruction and materials. For example, if a test taker did not have the
opportunity to learn the material tested, the policy of using the score for granting a
diploma could be regarded unfair. However, opportunity to learn ordinarily does not play
any role in determining the fairness of tests used for admissions testing (AERA, APA, &
NCME, 1999).
Predictive Validity of a Measure for Criterion Performance
Predictive validity refers to the degree to which the measurement of a focal trait
predicts measurements of a similar construct at a later time. For example, the relationship
between scores on a cognitive test administered to prospective employees and their later
job performance may be analyzed to investigate whether the test has predictive validity.
When a test is used for admissions to universities, an important validity concern is the
accuracy with which the test scores used to screen candidates predict their academic
performance at their institutions. For example, it is common in college admissions to use
SAT (or ACT) scores and high school grade point average (GPA) as predictors of college
grade point average and second-year college retention rates (Shaw, Marini, & Mattern,
2013). Once a given test is shown to have predictive value, the makers and users of the
test may proceed to an important issue in relation to the first characterization of fairness
in testing (i.e., fairness as lack of bias): differential prediction for groups. For example, in
college admission context, the measures used for selection are investigated for possible
bias in the predictive meaning of test scores for different groups (e.g., women, those with
low socioeconomic status, racial/ethnic minorities). If the relationship between test
scores to a relevant criterion variable differs from one group to another, it may imply (1)
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differences across groups in the meaning of the test scores due to construct-irrelevant
variance, (2) differences in the meaning of the criterion measure, or (3) errors in the
measurement of the predictor trait without necessarily indicating differences in the
meaning of the predictor “true scores.”
Statistical Procedures for Studying the Predictor-Criterion Relationships
Historically there have been two statistical procedures used to study test-criterion
relationships: (1) the computation of the validity coefficient, which is simply the
correlation between the test and the criterion, and (2) regression. Older studies and test
manuals usually reported only validity coefficients; from 1920 to 1950, the test-criterion
correlation was the single most important standard for judging validity (Shepard, 1993).
However, only limited conclusions regarding bias can be drawn from correlations alone.
Even if members of two groups with the same test score are expected to achieve the same
level of criterion performance throughout the range of test scores, the test-criterion
correlation might differ between groups because of unequal variance in test scores.
Conversely, even if the test-criterion correlation is approximately the same across groups,
prediction bias might still exist; the correlation does not reveal any information about
whether any group faces a uniform bias. Correlations can also be misleading because they
mask the contribution of other factors such as socioeconomic status to the prediction of
college outcomes (Atkinson & Geiser, 2009). Regression analyses provide more detailed
information with respect to the entirety of the test-criterion relationship (i.e., intercept,
slope, & residual variance), which are essential for a statistical test of the null hypothesis
of no bias (Jensen, 1980). Specifically, the null hypothesis states that all groups share a
common regression of the criterion on the predictor, and it is rejected if the slopes of the
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regression lines are significantly different, if the regression lines are parallel but differ
significantly in intercept, or if there is a significant difference in the variability of
prediction errors. These regression parameters are not necessarily affected by group
differences in the distribution of predictor scores.
Jensen (1980) raised three important issues regarding the design of a study
examining differential predictive validity: (1) floor and ceiling effects, (2) the
combination of heterogeneous samples, and (3) non-comparable criterion measures. Floor
and ceiling effects occur when a test or criterion is too easy (or too hard) for a group,
resulting in distribution of scores that piles up at the high (or low) end of the scale. Such
effects may distort the regression of the criterion on the predictor. Therefore, studies of
test bias should first rule out ceiling and floor effects, ensuring that a group difference in
the regressions of criterion measures on test scores can properly be interpreted as an
indicator of test bias. Jensen also called for caution when combining data from a number
of different sources. When there are systematic differences across several samples, the
results of a validity study based on a composite of the samples can misrepresent the
actual relationship between measures for any one of the samples in the composite. For
example, when we wish to correlate SAT scores with college GPA in samples of students
from several colleges with widely different academic standards, the correlation might be
near zero for the combined samples although the test scores may have substantial
predictive validity within each of the several colleges. Therefore, some reasonable
approximation to a common scale for the measurement of the criterion across samples is
a necessary condition for combining the samples. Lastly, criterion measures might not be
comparable across groups. For example, if a larger proportion of the majority students are
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enrolled in academic curricula rather than arts or sports courses, the validity coefficient
may be lower for the minority group, not necessarily because the test is biased, but
because GPA is not comparable across groups (Berry & Sackett, 2009). Therefore, in a
study of differential prediction, the groups should ideally be matched with respect to the
courses on which GPA is based. The qualifier “ideally” is unfortunately necessary
because such matching may require sample sizes that are prohibitively large.
Traditional College Admission Measures with Predictive Validity
For several decades, high school performance and standardized test scores have
been the two most important factors in college admission decisions (Breland et al. 2002).
The predictive validity of these two measures has been investigated in hundreds of
studies over this time. The typical study of this kind reported single or multiple
correlations between freshman GPA and test scores and/or high school performance
(Linn, 1990). Some of the key generalizations from these studies as summarized by Linn
(1990) are as follows: (1) high school record is typically the best predictor of freshman
GPA, showing a median correlation of .48 (SAT database) or .50 (ACT database); (2) the
combination of high school record and test score results in better prediction than either of
the two alone, showing a median multiple correlation of .55 (SAT database) or .58 (ACT
database); and (3) given the attenuating effects of prior selection and differences in
courses taken, these correlations provide conservative estimates of the relationships. In
more recent years, Mattern and Patterson (2011, 2011a, 2011b, 2011c) evaluated the
validity of the SAT for predicting first-year, second-year, third-year, and fourth-year
grades, and they also concluded that a combination of high school GPA and SAT score
was the best predictor of college GPA.
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Impact of Large Difference in Predictor Scores on Selection of Minorities
Despite these studies that have supported the use of tests for screening college
applicants, admission tests have consistently been accused of bias against minorities
because of large and persistent differences in average performance. For example, White
students typically outperform Black students on standardized admission tests by about
one standard deviation (Linn, 1990). If admission is based solely on previous grades and
test scores, this large average difference in predictor scores will result in substantial
underrepresentation of Black students. More specifically, the use of high school
performance and test scores as predictors will have an adverse impact on Black
applicants in the sense that many who would have done well in college, if given the
opportunity, will be excluded. To illustrate this point, I simulated the predictor and
criterion performance of two hypothetical populations, Blue (N = 1,000) and Red (N =
1,000), whose distributions of predictor scores are separated by one standard deviation.
Predictor performance in the Blue population followed the standard normal distribution,
whereas Red performance was distributed normally with mean -1 and variance 1. The
correlation between the predictor and the criterion was simulated to be 0.5 for both
groups. For simplicity, I stipulated that all individuals with a positive predictor score
would be admitted and that a positive criterion score would count as “adequate”
performance. The results were as follows. The mean predictor score of Red applicants
who would have exhibited adequate criterion performance was -0.56, whereas the
corresponding figure for Blue applicants was 0.41. Examining Figure 1, we can see that
the conditional probability of admission given that the applicant will achieve minimally
adequate criterion performance is equivalent to the number of dots in the first quadrant
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divided by the number of dots in both the first and second quadrants. This conditional
probability for Blue was 0.66, whereas that for Red was 0.26. These simulation results
show that members of a group with a lower average predictor score, even if they would
exhibit adequate criterion performance if selected, face a lower probability of being
selected in the first place.
The problem of differential conditional probability of selection given equal
criterion performance has led some commentators to argue that admissions criteria
characterized by large group differences are unfair to minorities. This argument, however,
is flawed for the following reason. We wish to select members of the lower-scoring group
with large positive deviations from the regression of criterion on predictors, but a good
choice of predictors necessarily means that it is difficult to forecast the magnitude of an
individual's deviation from the regression. Therefore the differential conditional
probability of selection given future criterion performance is fully consistent with an
absence of test bias. Furthermore, relaxing the admission standards in order to reduce
differences in conditional probability of selection would have harmful side effects.
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Figure 1.1. Hypothetical data illustrating the bivariate distribution of predictor and
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Note: Blue dots represent the high-performing group and red dots the low-performing
group.
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Table 1.1. Conditional Probability of Admission Given Adequate Criterion Performance
The selection
cutoff of the

-3

-2

-1

0

1

2

3

Blue

1

0.992

0.920

0.659

0.253

0.046

0.004

Red

1

0.949

0.694

0.259

0.058

0

0

Total

1

0.976

0.836

0.511

0.180

0.029

0.003

predictor

Table 1.2. Conditional Probability of Adequate Criterion Performance Given Admission
The selection
cutoff of the

-3

-2

-1

0

1

2

3

Blue

0.501

0.511

0.555

0.685

0.851

1

1

Red

0.302

0.339

0.406

0.532

0.739

0

NA

Total

0.403

0.432

0.499

0.650

0.836

0.958

1

predictor

Table 1.1 presents the conditional probability of admission given adequate criterion
performance with cutoff (i.e., vertical line in Figure 1.1) moving along the x axis. Several
values of the selection cutoff were chosen. For each selection cutoff, the percentages of
admitted students among the Blue group, among the Red group, and among all students
who would be successful were computed. In the limit where the line goes all the way to
the lowest possible predictor score, we are in a situation equivalent to avoiding the use of
the predictor entirely. In this situation, there is no differential selection for Blue and Red
groups. For example, when the selection cutoff is -3, everyone who would be successful
in criterion is selected. The numbers in Table 1.2 is computed by dividing the number of
dots in the first quadrant by the number of dots in both the first and fourth quadrants.
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Table 1.2 shows that when the selection cutoff is -3, the conditional probability of
adequate criterion performance among admitted students goes down by more than 20%.
Even if the institution can increase the number of slots available to incoming students, the
high percentage of students who would be unsuccessful must be counted as a cost (in
terms of wasted resources or frustration on the part of the students) that at least partially
offsets the benefit of admitting more of the minority students who are capable of
succeeding.
Differential Prediction
Findings of Predictive Bias not Controlling for Predictor Unreliability
Predictive bias can be defined as a difference in the regression of criterion on
predictor that is not attributable to statistical artifacts such as predictor unreliability.
Many studies that did not control for predictor unreliability have found patterns of overand underprediction. American College Testing Program (1973), Breland (1979), Duran
(1983), Linn (1982a) and Ramist (1984) were able to make the following conclusions
regarding differential prediction when a common regression is used: (1) freshman GPA is
typically overpredicted for Black students, (2) overprediction is usually the greatest for
Black students with especially high predictor scores, and (3) overprediction is also found
for Hispanic students, but it is smaller and less consistent (as cited in Linn, 1990). Jensen
(1980) reported similar conclusions; when a significant difference is found between
Black students and White students in the prediction of criterion performance, the bias is
most commonly intercept bias, and virtually always the White intercept is higher, thereby
resulting in overprediction of Black criterion performance from the common regression
equation. Ramist et al. (1994) also reported a similar trend with Black and Hispanic
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students obtaining a worse freshman GPA on average than their high school grades
predicted, whereas Asian and White students obtaining a better freshman GPA than
predicted. The amount of prediction error was smaller when SAT was used as the
predictor than when high school GPA was used, and smallest when both SAT and high
school GPA were used. The studies summarized by Linn (1990) also enable the following
generalizations about differential prediction for women and men: (1) the freshman GPA
of women tends to be underpredicted by a small amount, (2) the amount of
underprediction is less in more homogeneous discipline groups than for all freshman, and
(3) adjustments for differences in course taking by men and women might further reduce
or eliminate the underprediction. Similarly, a recent study by Mattern, Patternson, Shaw,
Kobrin, and Barbuti (2008) investigated the extent to which the revised SAT displayed
differential prediction for various subgroups and found that freshman GPA tended to
overpredict for males and Black, American Indian, and Hispanic students but
underpredict for females and students whose best language was not English. Similar
patterns of under- and overprediction were found using high school GPA as the predictor.
Again, using a combination of SAT and high school GPA resulted in the least amount of
under- and overprediction of freshman GPA. This latter finding may be because
combining several measures of similar traits effectively tends to increase predictor
reliability.
To illustrate the contribution of test unreliability to under- and overprediction, I
simulated a million examinee true scores for each of the low- and high-performing group
and added random errors to each of these true scores to obtain observed scores. Thus, the
reliability of the predictor was known. The conditional expectation of the criterion given
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each possible predictor score was computed for each of the groups, and a common
regression line was superimposed on the scatterplot of these means (Figure 1.2). In a realworld setting, the common regression line would be closer to the dots representing the
high-performing (majority) group, but in Figure 1.2 the common regression line is in the
middle because the two groups were simulated to be equal in size. We can see that the
black dots, which represent the conditional means of the low-performing group, lie
consistently below the white dots representing the high-performing group. This
overprediction of the low-achieving group’s criterion performance in the simulated data
mirrors what is observed empirically. Intuitively, we can understand this overprediction
as follows. Whenever a predictor contains errors of measurement, high observed scores
are likely to be characterized by both high true scores and positive errors. If high true
scores are less probable in one group, then the high observed scores obtained by the
members of that group are more likely to reflect large and positive errors of measurement.
Therefore, for all examinees obtaining a given observed score, the members of the highscoring group are likely to have a higher average true score; and since it is true scores and
not measurement errors that have predictive value, the examinees from the high-scoring
group will go on to achieve better criterion performance.
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Figure 1.2. Scatterplot of the simulated data showing that at all predictor levels the
expected criterion score obtained by a student from the low-performing group is lower
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This over- and underprediction resulting from predictor unreliability can be minimized by
regressing the criterion on the estimated predictor true score (Wainer & Braun, 2007).
Any estimated true score (  ) can be computed using the Kelly's equation,

   ( x)  (1   ),
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where  is the reliability of the test, x is the observed score, and  is the mean test score
of the group to which the examinee belongs. The results of using the estimated predictor
true scores are shown in Figure 1.3. The conditional expectations after removing the
effects of predictor unreliability look very similar for the two groups. Using the common
regression line based on the estimated true scores, we can expect to minimize systematic
under- and overprediction attributable to the statistical artifact induced by test
unreliability. If the difference between groups in regression lines persists after accounting
for predictor unreliability, then one can conclude that the predictor is biased against one
of the groups. The differential prediction studies reviewed earlier did not control for this
statistical artifact, and therefore one cannot determine whether the over- and
underprediction observed in these studies is a manifestation of meaningful bias.
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Figure 1.3. Conditional expectations of the criterion given estimated true scores (taking
into account each group's mean). There were few simulated examinees from the lowperforming group who obtained very high scores, resulting in the greater sampling
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Advanced Placement as a Predictor of Success in College
High school performance and admission test scores have been the most intensely
studied variables in predictive validity research. Recently, however, policy makers have
begun to treat the Advanced Placement (AP) experience as an additional important
prerequisite for success in college. Since its inception in 1955, the AP program of the
College Board has provided talented high school students the opportunity to take
introductory college courses while in high school. These students earn college credits
provided that the students earn qualifying scores on the AP exams. Since then, the
program has experienced rapid growth. In the 1955-1956 academic year, only 1,229
students participated in the program; in the 2010-2011 year, roughly two million
students—a third of all high school students nationwide—took AP courses (Wertheimer,
2012). Moreover, the $4.35 billion Race to the Top (RTT) contest created as part of the
American Recovery and Reinvestment Act of 2009 is expected to accelerate the
expansion of the AP programs. RTT grants were conferred to states that planned to
incorporate the following selection criteria: (1) improving the effectiveness of teachers
and principals, (2) building statewide capacity to implement the proposed plans and
demonstrating progress in raising overall achievement and closing group differences, (3)
adopting common standards and supporting high-quality assessments, (4) supporting
high-performing charters and other innovative schools, (5) turning around the lowestachieving schools, (6) implementing longitudinal data systems to support instruction, and
(7) prioritizing STEM (Science, Technology, Engineering, and Math). At the heart of this
reform was a concern about what it means to be college ready, and the AP program has
been viewed by many states as a major strategy for increasing the rigor of coursework.
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For example, in Georgia, much of the grant is being used to help turn around struggling
high schools by increasing math and AP training for teachers (Ramati & Castillo, 2011).
Ohio and Delaware are seeking to provide increased opportunities for its students to take
AP courses as a means of increasing their preparation for college (Zellner, 2011; Yin,
2012). New York is providing professional development training in advanced STEM
coursework for teachers, which is expected to develop the necessary skill to teach at the
AP level (Sepuka, 2012).
Table 1.3. AP and College Admissions
Rank
Factors in College Admissions
1 (1)
High school GPA or rank
2 (2)
Admissions test scores
3 (3)
Pattern of high school coursework
4 (6)
College-level work in high school
5 (4)
AP course enrollment
6 (5)
AP course grades
7 (9)
Letters of recommendation
8 (10)
Essays
9 (7)
AP exam scores
10 (8)
Achievement test scores (SAT II, subject-specific tests)
Source: Breland et al., 2002
Note. Average importance was computed as a mean of the responses on survey items on
ordinal scale, where 1 = Not Considered, 2 = A minor factor, 3 = A moderately important
factor, 4 = A very important factor, 5 = The single most important factor. The numbers in
parentheses under the Rank column exclude "1 = Not Considered" in the average
importance computation. The numbers before the parentheses include "1 = Not
Considered" in the computation of the mean.
Because it is perceived to be an indicator of academic excellence, the AP
experience has recently come to play an important role in admissions decisions. Breland
et al. (2002) identified various factors in admissions decisions using a 2000 survey of 962
four-year public and private colleges and universities. They showed that the AP
experience factors directly or indirectly into six of the top ten criteria in college
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admissions (see Table 1.3). Note that AP course participation is valued more heavily than
AP exam scores by colleges.
Despite this practice, studies have shown that qualifying AP exam scores are
stronger predictors of college success than mere course participation. The qualifying AP
exam scores were associated with attending more selective institutions, earning higher
college GPAs, and higher freshman-year retention rates (Hargrove, Godin, & Dodd, 2008;
Murphy & Dodd, 2009; Mattern, Shaw, & Xiong, 2009). They were also associated with
higher graduation rates across race/ethnicity and income groups (Dougherty, Mellor, &
Jian, 2006; Hargrove, Godin, & Dodd, 2008). AP examinees who earned a five (the
maximum score) obtained higher grades in introductory and subsequent college-level
course work, or in courses in the same subject area as the exam, compared to non-AP
examinees (Morgan & Klaric, 2007; Murphy & Dodd, 2009; Sadler & Tai, 2007).
However, AP course taking did not reliably predict first-semester college grades or
retention to the second year after controlling for non-AP courses taken (Klopfenstein &
Thomas, 2009). Based on this finding, Klopfenstein and Thomas cautioned against
policies that implement more AP courses in place of non-AP ones on the assumption that
there is a causal relationship between AP course taking and college readiness.
Shaw, Marini, and Mattern (2013) evaluated the relationship between various
operationalizations of AP exam performance (including course information) and firstyear grade point average (FYGPA) in college. Their study also showed that AP exam
score information rather than AP course-taking information is more useful in predicting
student performance in college. Specifically, they found that average AP score, the
number of AP exams taken by a student and number of exams earning a qualifying score
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(a score of 3 or higher is considered to be qualifying), and the AP exam proportion (i.e.,
the number of AP exams a student took divided by the number of AP courses offered at
his or her high school) added the most incremental validity to FYGPA after already using
HSGPA and SAT. In addition, AP average, the highest AP score earned, and the number
of AP exams with a score of 3 or higher showed the strongest bivariate relationships with
FYGPA.
The Present Study
The present study addresses the lack of research on possible differential validity
of AP exams as predictors of college-level outcomes for different subgroups.
Statement of the Problem
Concerns over fairness permeates every aspect of the testing enterprise, and one
characterization of fairness in testing defined by the Standards (AERA, APA, & NCME,
1999) is a fairness as lack of bias. One important way to study bias in college admission
context concerns the degree to which validity coefficients and prediction equations are
equivalent for different groups. To the extent that the AP variables are used together with
admission test scores and previous academic records to predict future academic
achievement,
it is important to know if validities differ for men and women, for Blacks,
Hispanics, and Whites, or other identifiable subgroups of applicants. It is also
important to know if members of one group are systematically predicted to obtain
lower or higher grades than they actually achieve on the average (Linn, 1990, p.
309).
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Many studies have investigated differential predictive validity for different groups using
high school performance and admission test scores as predictors (Linn, 1990). To this day,
minimal research attention has been directed toward differential predictive validity using
AP variables as predictors, although policy makers have begun to treat the Advanced
Placement (AP) experience as an additional important prerequisite for success in college
(Breland et al., 2002). In addition, few studies that have investigated differential
prediction controlled for predictor unreliability, which results in artifactual over- and
underprediction. The over- and underprediction resulting from predictor unreliability can
be minimized by regressing the criterion on the estimated predictor true score (Wainer &
Braun, 2007). One should note that this study is not proposing that colleges and
universities use estimated true scores in their admissions process. The complex issues
raised by any such proposal are not the subject of the current study.
By examining the differential predictive ability of AP variables and controlling
for unreliability of some of the predictors, we can better understand the extent to which
these predictors are biased against particular groups. With this understanding, test users
can be informed of the extent to which the inferences drawn from these variables are
supported by strong validity evidence regarding fairness in admission.
Because existing studies of the AP program have not dealt with the differential
prediction, this study aims to investigate (1) whether AP's prediction of FYGPA and
retention rates, differs by gender, ethnicity, highest parental education level, and
language group (i.e., English vs. another language as one’s best language) using
regression analyses; and (2) whether AP exams show differential prediction after
controlling for other achievement (e.g., SAT scores, HSGPA) and high-school-level
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variables (e.g., enrollment numbers, number of AP courses offered) using hierarchical
linear modeling. In addition, the present study controls for some of the predictor
unreliability, which enables one to determine whether the observed over- or
underprediction indicates meaningful bias. By examining these problems, we can better
understand the degree to which the model with AP variables over- and underpredicts for
various groups.
Purpose of the Study
The purpose of this study is to investigate differential validity of AP exams for
predicting college outcomes.
Research Questions
1. Do AP exam performance, college outcomes, and high school characteristics differ by
ethnicity, gender, highest parental education level, and language groups (i.e., English vs.
another language as one’s best language)?
2. Does the AP's prediction of FYGPA differ by ethnicity, gender, highest parental
education level, and language groups?
3. 2. Does the AP's prediction of retention rates differ by ethnicity, gender, highest
parental education level, and language groups?
4. Does the AP show differential prediction of FYGPA across subgroups controlling for
other performance variables (e.g., SAT scores, HSGPA) and high-school-level variables
(e.g., enrollment numbers, number of AP courses offered)?
5. Does the AP show differential prediction of retention rates across subgroups
controlling for other performance variables and high-school-level variables?
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6. How do the differential prediction results obtained from single-level regression models
compare to those obtained from hierarchical models?
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CHAPTER 2
REVIEW OF RELATED LITERATURE
Introduction
The Advanced Placement (AP) program, administered by the College Board since
1955, provides high school students with the opportunity to earn college credits by
demonstrating college-level performance in end-of-course examinations. The AP
program grew out of an initiative in the 1950's that sought to strengthen the connection
between secondary and postsecondary education (Ewing, Huff, & Kaliski, 2010). During
that decade the newly created Committee on Admission with Advanced Standing
advocated the development of rigorous college-level materials that could be taught by
high school teachers. Its pilot program was implemented in seven secondary schools and
consisted of advanced courses in eleven subjects (College Board, 2003). Currently, there
are 37 AP examinations in 22 subject areas encompassing foreign languages, physical
sciences, biology, mathematics, history and politics, economics, psychology, music,
design and drawing, and geography. Each AP course follows the curriculum of a
comparable college course, developed in collaboration with college faculty and features
an associated criterion-referenced exam. Full-time faculty from dozens of colleges and
universities nationwide participate in the development of the AP courses, exams, and
scoring standards (College Board, 2008). In 2012, 954,070 U.S. public high school
graduates took at least one AP exam and 512,374 U.S. public high school graduates
obtained a qualifying score (3 or higher) on an AP math, science, English, history, or
social science exam; 127,358 U.S. high school teachers taught an AP course; 5,400
college faculty members participated in reviewing the syllabi of AP teachers, developing
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curricula, or scoring AP exams; and 20,943 AP coordinators, counselors, and principals
used AP data to shape their schools' programs (College Board, 2012). Since 1955, the AP
program has arguably changed in character from an elite program for the "best and
brightest" to a standard feature of American high school education (Hurwitz & Hurwitz,
2003).
On AP exams, students earn scores on a scale ranging from 1 to 5, where the
College Board defines an AP exam score of 5 to be equivalent to a grade of A in the
corresponding college course; a score of 4 is equivalent to grades A-, B+, and B; and a
score of 3 is equivalent to grades of B-, C+, and C (Shaw, Marini, & Mattern, 2013).
Although credit-granting policies vary by colleges or from department to department
within a college to fit its needs (College Board, n.d.a), most require a minimum score of 3
or 4. In rare cases, a 5 may be required for college credit. This transferability of AP exam
scores to college grades allows students to fulfill introductory requirements before
matriculation.
Initially, AP was used almost exclusively for purposes of college credit and
placement (Geiser & Santelices, 2004). The use of AP scores as admissions criteria began
gradually and did not accelerate until the 1980's. The emphasis on AP was motivated by
the need to make increasingly fine distinctions among growing numbers of applicants on
the part of selective colleges and universities. According to a survey encompassing 133
institutions of higher learning, admissions officers preferred students who took maximum
advantage of the academic opportunities available to them (National Research Council,
2002). In particular, admissions officers viewed the presence of AP or IB (International
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Baccalaureate) courses on a transcript as an indicator of the applicant's academic
preparation and willingness to confront challenges.
The consideration of AP courses in admissions decisions provides a strong
incentive for schools to implement internal changes (Geiser & Santalices, 2004). For
instance, the emphasis on AP scores as admissions criteria by leading public universities
can (rightly or wrongly) place pressure on high schools in their states to modify curricula
and instructional policies. Schools can also benefit from a reputation for offering AP
courses and teaching students who go on to obtain AP credits; such a reputation can feed
back to attract motivated teachers and students in later school years (Santoli, 2003). At
the same time, students have an incentive to take advantage of whatever AP opportunities
are available, knowing that more rigorous coursework will be viewed more favorably by
college admissions officers. Today, more high schools are adopting AP programs; and
whereas in the past AP courses were taken primarily by juniors and seniors, it is
becoming more common for freshmen and sophomores to enroll (Santoli, 2002).
This dramatic expansion of the AP program has been fueled in part by the
assumption that an AP course tends to provide deeper understanding of a subject than a
corresponding regular high school course (Sadler & Sonnert, 2010). As noted by the
Standards for Educational and Psychological Testing (AERA, APA, & NCME, 1999),
validity is "the most fundamental consideration in developing and evaluating tests" (p. 9),
and AP exams are no exception to this scrutiny. There have been two lines of research
investigating the validity of AP programs; one has looked for evidence that an exam
score appropriately represents the examinee's content knowledge and skills, and the other
has evaluated the appropriateness of the credit or placement decision. The first type of
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research has studied the processes used to develop AP courses and exam, while the
second has examined the relationship between AP exam performance and college
outcomes. The latter has also evaluated the consequences of credit and placement
decisions.
AP Exam Score as a Representation of Knowledge and Skills
A key validity question for AP exam scores is whether a high score adequately
represents the level of content knowledge and skills required for course mastery. The
College Board has evaluated the processes used to determine the content knowledge and
skills featured in a given AP course and measured by the corresponding exam. These
processes include regular meetings held by experts to review AP course materials and
periodic college curriculum studies (Ewing, Huff, & Kaliski, 2010). By heavily involving
college faculty, these processes are designed to achieve the strongest possible alignment
between the learning objectives of college courses and their AP counterparts (Ewing,
Huff, & Kaliski, 2010).
On the other hand, in their reports on mathematics and science education, the
National Research Council (2002) has raised concerns that the teaching methods
promoted by AP and IB programs are often inconsistent with research on cognition and
learning. On the basis of the framework developed by the National Research Council
(NRC) committee, the AP program was evaluated with respect to the degree to which it
promoted the development of deep conceptual understanding and the ability to apply
knowledge appropriately. The committee's analysis yielded the following broad findings:
(1) The AP and IB programs espoused the emphasis of key concepts, but
excessive breadth of coverage made this goal hard to achieve. The committee also
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pointed out that for the assessments to foster deep understanding of key concepts,
assessments should not be predictable from year to year as was the case in some AP
courses.
(2) The AP and IB programs did not clearly specify the prior knowledge required
for the successful completion of its science courses. More generally, efforts to prepare
students for advanced study in all subjects were often inadequate.
(3) The programs did not help students develop metacognitive skills.
(4) Student learning in AP courses was often summarized by scores on single endof-year examinations, but using several sources of evidence of student progress can
provide a more accurate picture of student learning. The committee also emphasized a
lack of detailed research about what AP exams actually measure, including the kinds of
thinking that the exams elicit.
(5) Teamwork and collaborative investigations important for advanced study were
sacrificed for the sake of covering more material.
(6) The AP and IB programs did not emphasize interdisciplinary connections or
the application of newly acquired concepts to unfamiliar situations.
The committee noted that the AP program predates contemporary learning research and
stressed the importance of incorporating its findings.
The committee made a number of additional comments. It pointed out that the
College Board modeled AP course outlines on the content of typical college introductory
courses, rather than the best college courses, thus potentially limiting the quality of AP
courses. The committee also noted that individual teachers were given substantial leeway
in implementing AP courses, resulting in varied quality of instruction from classroom to
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classroom. It concluded that the AP programs were not providing adequate guidance to
instructors regarding best teaching practices. The committee also called for greater
involvement from the College Board in supporting and monitoring systematic
professional development programs for teachers. Finally, the committee expressed
concerns about the misuses and unintended consequences of AP exam scores. For
example, the ranking of public high schools by the number of AP exams taken by
students may increase the inappropriate labeling of non-AP courses as AP or the
provision of AP courses without proper resources. In addition, if AP assessment data are
used to evaluate teachers, the AP courses may degenerate into test-prep classes that do
not provide sufficient opportunities for learning the material at a deep level, and some
teachers may discourage students from taking AP courses when low test scores are
anticipated.
Ewing, Huff, and Kaliski (2010) described how the College Board responded to
the NRC recommendations for improving advanced science and mathematics education
in U.S. secondary schools. In response to the recommendation to monitor the use of the
AP trademark, the College Board established the AP Course Audit in 2007, a process that
requires College Board authorization for an "AP" label on high school transcripts. In
response to the recommendation to base AP courses and exams on entry-level college
courses that foster deep conceptual understanding, the College Board collected and
analyzed detailed curricular data from postsecondary institutions known for the rigor and
success of their entry-level courses. The curricular data were used to redesign AP science
courses and exams so as to be based on the best teaching practices in each discipline. In
this process, the College Board used an evidence-centered assessment design (Mislevy &
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Haertel, 2006) that detailed the expected learning outcomes for each of the four
redesigned science courses, resulting in tighter alignment between what is taught in the
course and assessed on the exam (Ewing, Huff, & Kaliski, 2010).
Relationship between AP Program Participation and College Success Outcomes
This section reviews research investigating the impact of the AP program on
student outcomes. As suggested by Ewing (2006), specific investigations can be grouped
in terms of the students whose outcomes are followed: (1) students who take an AP
examination and perform well, (2) students who take an AP examination, irrespective of
performance, and (3) students who take an AP course, irrespective of both exam
participation and performance. This section begins by reviewing research on the validity
of AP examination scores for course placement.
AP Examination Performance and College Outcomes
AP exam scores and performance in subsequent coursework. As Ewing (2006)
mentioned,
a key research question affecting the validity of AP exam grades concerns
whether students who are exempted from an introductory college courses because of
successful performance on an AP examination do as well in subsequent (or higher-level)
course work as those students who are not exempted. (p. 2)
If examinations do not accurately identify students who are worthy of advanced
placement, then the validity of AP exam scores can be questioned. Studies of this issue
have generally found positive results of accelerating student placement on the basis of
successful AP exam performance (Dodd, Fitzpatrick, De Ayala, & Jennings, 2002;
Morgan & Klaric, 2007; Morgan & Ramist, 1998).
Morgan and Ramist (1998) conducted an extensive study focusing on students in
their first and second year at 21 colleges and universities. The course grades of AP
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students who received advanced placement were compared with the course grades of
students who took the prerequisite introductory courses. The courses subject to grade
comparisons included second-level courses, as well as third-, fourth-, and even fifth-level
courses in some cases. Comparisons at higher levels were possible because some
institutions allowed students with higher AP exam scores to enroll in higher-level courses.
Allowing outstanding AP performers to enroll in fourth- and fifth-level courses was most
common in foreign languages (e.g., French, German, Spanish). Advanced placement in
third-level courses was also observed in biology, chemistry, mathematics, and physics.
In the comparison of AP and non-AP students in the second-level courses,
students who earned a 5 on the relevant AP examination received on average higher
second-level course grades than students who took the introductory course at their
institutions. Students who earned a 4 on the relevant AP examination received higher
second-level course grades than non-AP students in all but four subjects (Art History,
Macroeconomics, French Literature, & Music Theory). Students who earned a 3 on the
relevant AP examination received higher second-level course grades in all but eight
subjects (Art History, Biology, Microeconomics, European History, Comparative
Government and Politics, Music Theory, Spanish Literature, & Studio Art General). In all
subjects, students who received a 5 on an AP exam performed better in subsequent third-,
fourth-, and fifth-level courses than non-AP students. In third-level math and science
courses, students who received a 3 or 4 on an AP exam tended to do better than non-AP
students; the exceptions were Physics B, Computer Science A, and Computer Science AB.
In third- and fourth-level foreign language courses, students with AP exam scores of 3 or
4 received higher average grades without exception.
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Using data from 1994 incoming classes at 27 collegiate institutions, Morgan and
Klaric (2007) addressed the limitations of Morgan and Ramist (1998) by controlling for
SAT scores (a proxy for prior academic achievement) and employing larger sample sizes.
Their regression model employed dummies for the three qualifying AP scores (3, 4, & 5)
and SAT total score as covariates and second-level course grade as the dependent
variable. The SAT-adjusted course performance of the AP group (students who had
received a 3 or higher) was at least as good as that of the non-AP group. Most of the
SAT-adjusted comparisons favored the AP students, and more than half were statistically
significant.
Dodd et al. (2002) investigated the same research question using data from the
University of Texas at Austin. They focused on the AP examinations in Calculus AB,
English Language and Composition, and Biology because of the large numbers of
examinees. For each of the entering first-year classes from 1996 to 1999, they compared
the performance of AP students who earned credit from AP examinations (AP-CR) with
other relevant groups on a number of academic measures. These groups were AP students
who did not receive credit by examination (AP-Class), a non-AP group that was matched
to the AP-Class group in terms of high school rank and SAT total score (Non-AP), and a
Concurrent group earning college credit while in high school by concurrently enrolling in
a college course. The outcome measures included the grades in the subsequent course
within the subjects of the AP examinations, hours of coursework in the subjects of the AP
examinations, and GPAs in other courses. The authors found that where there were
significant differences among the groups, the AP-CR group almost always earned higher
grades in subsequent courses relative to the Non-AP group, the AP-Class group, and the
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Concurrent group. Furthermore, in 1997, 1998 and 1999, the AP-CR group also took a
significantly larger number of coursework in mathematics than the Non-AP group.
Specifically, the difference in mean number of math coursework taken by AP-CR group
and Non-AP group was 1.14 in 1997, 0.94 in 1998, and 1.54 in 1999.
Sadler and Tai (2007) present a similarly positive effect of scoring well on an AP
exam, but also examine this result more critically. They examined the performance of
college students taking introductory biology, chemistry, and physics. Using survey data
from 8,594 students at 55 randomly chosen colleges and universities, they found that
those who had received a score of three or higher on an AP science exam but retaken the
introductory course earned somewhat higher college science grades, but not enough to
assume prior mastery. Specifically, they found that after controlling for demographics
and prior academic achievement, students who scored a 3 on an AP exam earned 1.5
more grade points than non-AP students on average, students who scored a 4 on an AP
exam earned 3.4 more points, and students who scored a 5 on an AP exam earned 4.6
more points. Although the positive effect of scoring well on an AP exam appears to be
fairly impressive, the authors noted that the student average sits just above 80 points,
amounting to a grade of B-. An additional 4.6 points would only elevate the course grade
to about 85 points, suggesting that the average 5-scoring AP student in introductory
college science is predicted to earn a letter grade of B. They concluded that AP exam
high-scorers do not consistently attain levels of performance commensurate with stated
College Board expectations. Possible explanations by the authors included
nonequivalence of the AP exams and college science attainment measures, over
generosity in AP exam scoring, weak methodology in AP score validation, and
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differences between AP students who did and did not retake the introductory course. The
findings may also be partly attributable to the fact that the AP data used in this study
were from 2005, before the redesign of AP science courses and examinations described
by Ewing, Huff, and Kaliski (2010).
AP exam scores and other college outcomes. The previous subpart reviewed research
on the relationship between AP achievement and performance in introductory or
subsequent college coursework within the same subject. The current subpart summarizes
research on the relationship between AP achievement and other college performance
indices such as first year grade-point average (FYGPA), number of credit hours earned
during the first year, and college graduation rate (Dougherty, Mellor, & Jian, 2006;
Mattern, Shaw, & Xiong, 2009; Murphy & Dodd, 2009).
Using data from the University of Texas at Austin covering the years 1998 to
2001, Murphy and Dodd (2009) expanded on Dodd et al.'s (2002) research by placing the
AP students into a number of groups, matching them to non-AP groups on previous
academic performance, and examining the relationship between AP achievement and
college performance (i.e., GPA and the number of credit hours in the first year of college).
The three types of AP students investigated were as follows: (1) AP students who earned
credit by examination, (2) AP students who did not earn credit by examination, and (3)
AP students who elected to take the course despite earning credits by examination. For
the ten most frequently taken AP exams, they found that AP students as a group
consistently had higher GPAs and took more credit hours in their first year than non-AP
students. They also conducted a similar type of matching for the AP and concurrent
students (i.e., high school students concurrently enrolled in a college course). The AP
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students who earned credit by examination and the non-AP group matched to these
students consistently outperformed the AP students who did not earn credit and the nonAP students matched to this latter group. The third finding was that the AP students who
earned credit by exam consistently outperformed their non-AP counterparts. In the
comparison of the AP to the concurrent group, AP students took significantly more hours
in their first year of college.
Following a statewide cohort of Texas eighth-graders who graduated from high
school in 1998, Dougherty, Mellor, and Jian (2006) investigated the relationship between
college graduation rates and student achievement in AP exams. Students were assigned to
one of four categories based on their AP experience: (1) received a 3 or higher on at least
one AP exam; (2) took but did not receive a 3 or higher on any AP exam, (3) took an AP
course, but not an AP exam; and (4) took no AP course or exam. They controlled for
some student and school characteristics that might cause AP students to graduate from
college at higher rates. The results indicated that students who received a 3 or higher on
at least one AP exam were more likely to graduate from college than students who took
but did not earn a score of 3 or higher, who in turn were more likely to graduate than
students who took an AP course but not an exam. All three groups of students were more
likely to graduate from college than students with no AP experience. Specifically, the
descriptive statistics showed that 64% of the students who earned a qualifying score on
an AP exam graduated from college, compared with 42% of students who took but did
not earn a qualifying score on an AP exam, 37% of students who took an AP course but
not an exam, and 17% of students who neither took an AP course or an exam. Their
hierarchical linear model (HLM) results also showed a similar trend with students
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grouped by race/ethnicity and income, controlling for prior student academic
achievement, school poverty rates, and other variables. Specifically, for the low-income
students, the increase in probability of college graduation was 26% for those who earned
a score of 3 or higher, 23% for those who took but did not earn a score of 3 or higher, and
19% for those who took an AP course but not exam, all compared with low-income
students not participating in AP.
Using data from the fall 2006 cohort of entering college students, Mattern, Shaw,
and Xiong (2009) explored the relationship between student achievement in AP courses
(including English Language and Composition, Biology, Calculus AB, and U.S. History)
and subsequent college success defined by FYGPA, institutional selectivity, and retention
to the second year of college. Students were categorized as having no AP score (No AP
group), scoring a 1 or 2 on an AP exam, or scoring a 3 or higher. Their study
demonstrated that controlling for SAT score and high school GPA, students earning a 3, 4,
or 5 on one of the AP exams tended to outperform students who did not take any AP
exams in terms of FYGPA, retention, and attendance at more selective institutions. For
example, with ANCOVA analyses controlling for SAT score and high school GPA,
students who earned a 3, 4, or 5 on AP English Language exam were found to earn .097
higher FYGPA on average (with a small effect of 0.131) and attended a more selective
institution that accepted 4.2% less of their applicants (with a small effect of 0.271)
compared to students who did not take any AP exam with a small effect of 0.131. Finally,
their odds of returning for their second year was 1.538 (1/0.65) times greater than the
odds of the No AP group. Similarly, students who took an AP exam but earned a low
score (1 or 2) in any of the four areas attended more selective institutions and were more
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likely to return for their second year of college than students in the No AP group.
However, they did not earn higher FYGPA than students who did not take any AP exams.
The authors speculated that perhaps high performance rather than mere participation in
the AP program results in better college outcomes (or that students in the No AP group
enrolled in less rigorous college courses). In addition, students classified as No AP may
have taken an AP course but not the end-of-year exam, leaving open the possibility that
some of these students did in fact receive some effective preparation for college-level
work.
While association does not prove causation, the studies reviewed in this subpart
provide support for the contribution of successfully learning AP material (as indicated by
exam score) to readiness for college-level work. It should be kept in mind, however, that
uncontrolled confounding variables may exist affecting both AP performance and college
outcome. As noted by Sadler and Tai (2007), it is hard to know whether AP experiences
help students or better students help AP outcomes. They suspected that given the clear
resource disparities inherent in American education, the latter may be just as likely as the
former.
AP Examination Participation and College Outcomes
In addition to investigating the college outcomes of AP students who took and
performed well on the exam, research has been conducted to evaluate the influence of AP
exam participation (separate from performance) on measures of college success
(Chajewski, Mattern, & Shaw, 2011; Morgan & Maneckshana, 2000, Tai, Liu, Almarode,
& Fan, 2010). Analyzing a national sample of over 1.5 million students from the 2007
cohort of high school seniors, Chajewski et al. (2011) examined the relationship between
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AP exam participation and enrollment in a four-year postsecondary institution. They
found that, after controlling for student demographic factors, ability characteristics, and
high school-level predictors, the completion of at least one AP exam was associated with
a 171% increase in the odds of attending a 4-year postsecondary institution. For students
taking two or three AP exams, the odds of attending a four-year institution increased by
224%. When both academic proficiency (measured by PSAT/NMSQT scores) and AP
participation were taken into account, the odds of attending a 4-year postsecondary
institution increased even more dramatically. For example, for a student who scored one
standard deviation above the sample's average PSAT/NMSQT composite score and had
taken at least one AP exam, the odds of enrolling in a four-year postsecondary institution
were 514% higher than that of the reference group.
Using the data from the 21 colleges in Morgan and Ramist (1998), Morgan and
Maneckshana (2000) investigated the course-taking patterns of college students who had
taken AP examinations. They found that students who took AP examinations in all
subjects but U.S. History, English Language and Composition, and English Literature
and Composition were more likely to take at least one course in the discipline of their
exam while in college. Many AP students who took examinations in Biology, Physics,
Calculus, Studio Art, or Spanish Literature subsequently majored or minored in those
disciplines or a closely related field.
In light of the national policy discussion to use the AP program as a means of
curbing the shrinkage of the STEM (science, technology, engineering, math) workforce,
Tai, Liu, Almarode, and Fan (2010) investigated whether AP students are more likely to
earn STEM-related college degrees than students who do not participate in the AP
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program. The authors used large-scale nationally representative longitudinal data
spanning the years 1988 to 2000, which preceded the exponential growth in the number
of AP courses in U.S. high schools that began in 1997. To account for previous academic
achievement, a concordance score of SAT or ACT was included as a covariate. To
account for background differences, demographic variables (gender, ethnicity, parental
education background, socioeconomic status) as well as eighth-graders' expectations of
what careers they would have at age thirty were also included as covariates. The
dependent variables included whether individuals earned undergraduate degrees in life
sciences, physical sciences/engineering, or a non-science area. Their findings indicated
that students who participated in AP science exams (relating to areas of biology,
chemistry, and physics) were twice as likely to earn degrees in life science concentrations
as students who did not participate in AP science. In addition, there was a strong
association between AP exam participation in mathematics and a degree in physical
sciences/engineering.
AP Course Participation and College Outcomes
The studies summarized in the previous two subsections examined the impact of
taking AP exams on student outcomes in college. The current section examines studies
that investigated the impact of AP course participation on student outcomes. One
challenge of research in this area has been to ensure that putative AP courses can indeed
be considered genuinely AP (Ewing, 2006). This has been especially true for the period
preceding the AP Course Audit. However, if we put aside this difficulty, a fair
generalization is that studies examining the effect of AP course participation, as distinct
from AP exam performance, have found that mere AP course taking does not predict
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college outcomes as well as AP exam participation or performance (Geiser & Santelices,
2004; Hargrove, Godin, & Dodd, 2008). For example, using data from the University of
California system, Geiser and Santelices (2004) found that the number of AP courses
taken (irrespective of whether the student took the AP exam) contributed very little to the
prediction of college grades, whereas AP exam performance was among the strongest
predictors of college grades (measured by both second-year and discipline-specific GPA).
Hargrove, Godin, and Dodd (2008) also found that students who took the AP exam
tended to outperform students who took the AP course only with respect to the following
outcomes: (1) GPA, (2) college graduation rate, and (3) "most credit hours earned" for
most cohort years from 1998 to 2002 in Texas.
Studies accounting for various student background variables have come to similar
conclusions (Duffy, 2010; Klopfenstein & Thomas, 2009; Sadler & Sonnert, 2010).
Using a Texas database containing over 28,000 public school students who entered public
universities in 1999, Klopfenstein and Thomas (2009) investigated the extent to which
AP course taking predicts early college grades and retention. The authors used a broad
range of variables describing the student's non-AP curricular experience such as years of
science taken, years of foreign language taken, the highest level of math completed, and
participation in honors courses. Additional controls included race, sex, SAT scores, high
school GPA, whether a student was in the top 10% of their graduating class, and
designation as Limited English Proficient. Family characteristics included parent
education, family income, and whether the student received a Stafford Loan. High school
characteristics included the percentage of students who qualified for free or reduced price
lunch, percentage of students who took college entrance exams, student/teacher ratio,
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percentage of teachers with little experience, and school size. Fixed effects of dummy
variables for university attended and part-time status were also included. For the retention
model, the authors found that including non-AP variables made the positive significant
effect of taking an AP course disappear for both White and Black students. They found
that the AP effect on retention for the average Hispanic student was driven by AP science,
which appeared to be associated with intervention programs such as the Texas
Prefreshmen Engineering Program (TexPREP). While the vast majority of high schools
involved in the AP program offer, at a minimum, calculus AB, English, and history, they
found that these courses had no predictive power after accounting for a student's other
rigorous high school courses. Similarly, these three most popular AP courses did not have
effect on first-semester GPA for any group. The authors concluded that once other
rigorous high school courses and demographic and school characteristics are controlled,
students typically do well in college regardless of their AP experience.
Duffy (2010) investigated whether significant differences existed in persistence
and performance as a function of previous college experience (AP courses, credit-based
college courses, regular college courses) among freshmen attending the University of
Tennessee at Martin (UTM) from 2000 to 2006. Persistence was measured in two ways:
(1) subsequent fall reenrollment as sophomores by first-time, full-time freshman students
and (2) the attainment of a degree within five years. Performance was gauged by (1)
freshman-year GPA and (2) graduation GPA. Independent variables fell into the
following four categories: (1) an SES composite variable that combined family income
and education, (2) a composite of high school academic achievement that combined ACT
total score, high school GPA, and high school class rank, (3) personal attribute variables,
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including gender and race, and (4) student type defined by participation or
nonparticipation in dual credit programs. It was found that AP/credit-based college
course participants had greater persistence and better performance than the control group,
but when differences in background variables were included in the regression models, the
differences were no longer significant. That is, there were no significant differences in
first-year persistence or degree attainment between any of the student types (regular
college course, AP, credit-based college course) once preentry attributes were controlled.
However, the limitation in this study was that a linear regression was used when
analyzing dichotomous outcomes.
Saddler and Sonnert (2010) examined the relationship between AP science
coursework and performance in introductory college science courses (biology, chemistry,
physics), using survey data from 124 first-semester introductory science courses across
55 randomly chosen colleges and universities. Students were grouped into six cohorts: (1)
"None," indicating that that the student took no high school course in the particular
subject, (2) "Regular," indicating that the highest course that the student took in high
school was neither AP nor honors level, (3) "Honors," indicating that the student took an
honors course, (4) "Not Passing," indicating that the student took an AP course and
received an exam score below 3, (5) "Not Taken," indicating that the student chose not to
take an AP examination even though they took the course, and (6) "Passing," indicating
that the student earned an AP exam score above 2. In order to isolate the added value of
taking AP courses, they sought to control for the academic abilities and experiences
possessed by AP students prior to their AP course experiences. For this purpose they used
variables such as SAT math and verbal scores, an estimate of high school GPA, whether
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the student completed any type of calculus course in high school, and whether the parents
earned a four-year college degree. The results indicated that, after controlling for the
student characteristics, Passing students continued to perform better in introductory
physics, chemistry, and biology once they were attending college. However, Not Passing
and Not Taken biology students appeared to experience no benefit when they later took a
college biology course. In contrast, Not Passing and Not Taken chemistry students
exhibited a considerable advantage compared to their Regular and Honors counterparts
when taking college chemistry. Lastly, Not Passing physics students garnered no
advantage from the AP coursework, whereas Passing and Not Taken students
experienced some advantage compared to Regular students. Despite the moderate effect
size favoring Passing physics students, the authors observed that mathematics
achievement and course-taking had much larger effects on college physics success.
Pointing out that the average grades earned by Passing students in college ranged from B
to B+, they concluded that AP courses may not be equal in academic rigor to introductory
college and university courses in science.
Effect of School Characteristics on AP Performance
The current and subsequent sections focus on school and student characteristics
that may have an effect on AP participation and performance. There is strong evidence
that an academically enriched high school experience contributes to college readiness and
graduation. Handwerk, Tognatta, Coley, and Gitomer (2008) investigated how AP
offerings differ across public schools with different socioeconomic, racial/ethnic, and
geographic characteristics. High schools were defined as "offering" the AP program if at
least one student in that high school took an AP examination in the 2003-2004 school
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year. With this definition, 58% of U.S. public high schools enrolling 85% of all students
offered some type of AP program. Those offering at least one AP mathematics exam, at
least one AP science exam, and at least one AP English exam were defined as "High AP"
schools. Schools that offered at least one AP exam but did not meet the "High AP"
threshold were defined as "Low AP" schools. Under this categorization, 24% of high
schools qualified as Low AP and 34% as High AP. The authors formed four clusters of
schools on the basis of the following variables: (1) number of students in the high school,
(2) pupil to teacher ratio, (3) percentage of students receiving free or reduced priced
lunch, and (4) locale of the school (e.g., suburbs, urban, or rural settings, small or large
towns). With cluster analysis methodology, they found that clusters made up of larger
schools in more densely populated areas were more likely to offer an AP program than
smaller, more rural school clusters. The large, low-poverty schools with few minority
students tended to offer the most, with more than three-quarters of such schools offering
some AP programs, and most of these were High AP. The cluster that was ranked second
in frequency of offering AP courses consisted of large and racially diverse schools in
urban areas. Interestingly, the "High AP" schools were similar across clusters in terms of
AP exam participation, as were the "Low AP" schools; the greatest differences were
between the "High AP" and "Low AP" schools within the clusters. This finding is similar
to that of Attewell and Domina (2008), who suggested that "curricular intensity has the
same positive consequences for students enrolled in racially segregated and high-poverty
schools as for students in primarily White, affluent schools" (p. 64).
Using data from 339 public high schools in a Midwestern state during the 20052006 school year, Burney (2010) identified school- and district-level variables related to
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advanced academic achievement, defined by the ratio of students obtaining scores of 3, 4,
or 5 on Advanced Placement exams to total school enrollment. This so-called AP Pass
Index served as the dependent variable. There were 14 independent variables, grouped
into three categories for hierarchical regression analyses. The first group consisted of
fixed contextual variables at the school level such as (a) number of graduates, (b) ratio of
the number of students scoring 55 to 80 on the PSAT Math to the number of graduates, (c)
average SAT critical reading and math score, (d) percentage of the community older than
25 years with less than a high school education, (e) demographic categories based on
population density, (f) percentage qualifying for free meals, and (g) percentage of
students from traditionally underrepresented populations. The second group consisted of
contextual variables that can be controlled or modified by educators or policy-makers
such as (a) number of different AP exams given by that school, and (b) ratio of number of
SAT Subject test takers to the number of graduates. The final group included variables
indicative of district support for high-ability K-12 learners such as (a) number of
academic competitions for elementary, middle, and high schools, and (b) percentage of
the district enrollment identified as high ability.
Burney found that the size of the school, the proportion of students capable of
succeeding in AP, and the SAT average of the students accounted for 63.1% of the
variability in high performance between high schools. Another 17% of the variance was
accounted for by the number of AP offerings and the number of students following a
college preparation track. Lastly, the percentage of the student population identified as
high ability and the number of academic competitions at the elementary grades accounted
for additional 0.5%. Perhaps surprisingly, the percentage of students coming from
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minority groups, the percentage receiving free and reduced lunch at the schools, and the
educational level of the community were not related to high achievement as measured by
qualifying AP scores. The author noted that these fixed contextual variables did not limit
the school from having high performers among its students. This finding is consistent
with Adelman's (2006) suggestion that rigorous high school experience is more important
than demographics related to SES, race, and level of parental education in predicting the
attainment of a degree in higher education. To repeat, the contextual factors that did
contribute to high performance in AP were indicators of high ability (e.g., PSAT or SAT
scores) and the size of the school. Interestingly, the effect attributed to school size
diminished after the number of courses offered was entered into the regression equation.
This result is consistent with Jeong's (2009) finding that the number of AP courses
offered by the school to be significantly and positively related to the log odds of
obtaining a higher AP score. Thus, the author contended that it is important to consider
ways for small schools with minimal resources to offer advanced courses for their highability students.
Jeong (2009) studied whether providing incentives to students, teachers, and
schools for participation in AP (e.g., cash bonuses for teachers, extra funding for schools,
AP exam fee exemptions for students) increases AP enrollment and qualifying score rates,
using the nationally representative AP exam data taken from the Educational
Longitudinal Study (ELS) of 2002. A propensity score block technique was used in an
attempt to control for student selection into the AP program, and a hierarchical
generalized linear model (HGLM) was employed to adjust for a random effect
representing state-specific heterogeneity. School-level predictors of AP exam
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participation and performance included school type (i.e., private or public), size, location
(i.e., suburban or rural), student body (i.e., percentage of students eligible for free or
reduced-price lunch, percentage of students enrolled in college prep courses), faculty (i.e.,
student-to-teacher ratio, percentage of full-time teachers who hold graduate degrees and
who are teaching in areas outside their training), and availability of AP courses (i.e.,
number of unique AP courses offered by the school). Statistically significant school-level
characteristics included private vs. public school, school size, and the number of AP
courses offered by the school. More specifically, attending a private school was
associated with 4.39-fold higher odds of achieving a higher score on the exam for English
Literature and Composition. In biology, private school was associated with 2.94-fold
higher odds. School size was found to have a positive nonlinear impact on the log odds of
earning a higher score on English Literature and Composition. The number of AP courses
offered in the school was significantly and positively related to the log odds of
performance. Individuals at predominantly disadvantaged schools had significantly lower
odds of achieving a higher score on the Calculus AB and U.S. History exams. Lastly, AP
exam fee exemption led to an increase in the likelihood of AP course enrollees taking the
exam—in particular, the disadvantaged.
Using the National Education Longitudinal Study of 1988/2000 (NELS:88/2000),
Barnard-Brak, McGaha-Garnett, and Burley (2011) examined access to AP courses as a
function of school characteristics and then examined AP course enrollment as a function
of both access to AP courses and these school characteristics. Controlling for school size,
they found that high- minority and low-SES school characteristics were negatively
associated with the number of AP courses at these schools. However, these school
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characteristics were not significantly associated with the number of students enrolled in
AP courses, indicating the negative association just mentioned may arise from the
unavailability of these courses. The authors called for more equitable school conditions,
noting the lack of access to AP courses and curricula by students attending schools with a
higher percentage of students from minority and lower-SES backgrounds.
Effect of Student-Level Characteristics on AP Participation and Performance
Prior Academic Performance
Prior academic performance is a strong predictor of a student's AP course-taking,
exam participation, and exam performance (Attewell & Domina, 2008; Jeong, 2009).
Using national transcript data (NELS88), Attewell and Domina (2008) found that grades
and test scores one SD above the mean was associated with a curriculum intensity 0.65
SD above the mean. Using the ELS data of 2002, Jeong (2009) found that prior
achievement, socioeconomic background, and educational expectations were the most
significant predictors of AP exam scores; among these student-level variables, prior
achievement was the strongest predictor of AP exam participation.
Socioeconomic Status
One of the most critical factors affecting AP participation and performance is
socioeconomic status, which is often measured by parental education, household income,
and free or reduced lunch (ACT, 2010; Handwerk et al., 2008; Attewell & Domina, 2008).
By linking data on students from the AP file to data on their high schools obtained from
the U.S. Department of Education for the 2003-04 school year, Handwerk et al. (2008)
found that, regardless of the type of school—large or small, urban or rural—very few
low-income students took AP exams. For example, whereas 6.2% of non-low-income
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students participated in an AP examination, only 0.4% of low-income students did so.
Across most levels of school-level AP program intensity, the median proportion of lowincome students who took AP exams and earned a score of at least three was zero percent.
Similarly, ACT (2010) noted that minority and economically disadvantaged students had
low rates of earning qualifying AP exam scores. For example, among the low-income
students in the Texas high school graduating class of 2002 who took AP courses in
English, mathematics, science, or social studies, only 13% actually earned qualifying
scores on the corresponding AP exams; the qualification rate was 35% among non-lowincome students.
Similarly, using data from the Texas Schools Microdata Panel (TSMP) for the
1998-1999 academic year, Klopfenstein (2004) found that low income is the single most
important factor behind the minority AP participation gap, where low income was
operationalized by whether a student qualified for free or reduced lunch at any time
between 1989 and 1999. She found that in her sample, 27% of white students were ever
low income compared to 84% of Hispanic and 76% of Black students. She observed that
low income diminishes AP participation rates for all races, but because Black and
Hispanic students are three times more likely to be low income than White students, low
income disproportionately affects the AP participation of minority students. In the class
of 2012, 58.9% of low-income AP exam takers were from underserved minority groups
(41.1% Hispanic, 17.1% Black, 0.7% American Indian/Alaska Native) (College Board,
2013).
Using national transcript data (NELS88), Attewell and Domina (2008) examined
inequality in access to an advanced curriculum in high school and assessed the
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consequences of curricular intensity on test scores and college entry. They found that
inequalities in curricular intensity were primarily explained by student socioeconomic
status and previous differences in academic performance that operate within schools. For
example, upon statistically controlling test scores and grades, family SES one SD below
the mean was associated with a curriculum intensity 0.27 SD below the mean.
Interestingly, once SES and prior academic performance were controlled, Black,
Hispanic, and Asian students took a significantly more demanding curriculum than White
students (.26, .20, and .23 SD respectively), which is consistent with previous research
noting that minority students take more advanced courses than White students of equal
SES (Attewell, 2001). The authors noted that limited access to an advanced curriculum
was mainly associated with low SES in general rather than Black or Hispanic status.
However, since Black and Hispanic school children are disproportionately from lowerSES families, the effect of SES on course intensity would fall heavily on Black and
Hispanic children.
Race/Ethnic Background
Racial/ethnic groups differ in the extent of their AP experience (College Board,
2013; Klopfenstein, 2004; Ndura, Robinson, & Ochs, 2003; Solozano & Ornelas, 2004).
According to the U.S. Department of Education (Planty, Provasnik, & Daniel, 2007),
although the total number of students taking AP exams more than doubled from 1997 to
2005, there was a decline in the percentage of students earning a score of three or above
(from 65 to 59%). During the same period, the average performance of minority group
students declined, whereas that of White and Asian students remained relatively stable.
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Handwerk et al. (2008) found that, even within highly diverse schools,
underrepresented minority students were less likely to have taken an AP exam than their
White and Asian American classmates. The median percentage of African American
students who participated and succeeded in AP programs was nearly zero in every type of
school cluster, regardless of the school's AP program intensity. Even in schools where
students took AP exams in each of the three areas (mathematics, science, English), there
were marked disparities among the percentages of Asian American (15%), White (7%),
Hispanic (5 %) and African American (2%) students who took an AP exam.
Similarly, Jeong (2009) found that after controlling for prior achievement,
socioeconomic background, and educational expectations, race/ethnicity was
significantly related to the log odds of earning a higher score on the exam. For example,
the odds of a Black student achieving a higher score were 0.23 to 0.46 times smaller than
those of a White student in Calculus AB, U.S. History, and Biology. The odds of a
Hispanic student achieving a higher score were 0.28 times smaller than those of a White
student in English Literature and Composition. The author provided some possible
explanations for the poor performance of these underprivileged populations, including
participation in lower-quality AP courses and receiving less attention from their teachers
and schools.
Gender
Gender differences in AP participation and performance have also been
documented. Using a national sample from the 2003-04 school year, Handwerk et al.
(2008) found that at all levels of AP program intensity and across all clusters of school
types, females were more likely than males to take at least one AP exam. Overall, 6.1%
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of female high school students took an AP exam, whereas only 4.3% of males did so.
Breland, Danos, Kahn, Kubota, and Bonner (1994) explored gender differences in the
1986 administration of the U.S. History AP exam; they found superior male performance
on multiple choice items, with an effect size of 0.33, but no gender difference on free
response items. Buck, Kostin, and Morgan (2002) generalized this finding and reported
that males outscore females on almost all AP exams; a difference favoring males is
especially large when the subject matter is science, whereas this difference is absent or
even reversed when the subject matter is language. Any male advantage is greater on the
multiple choice sections of the exam. These authors also investigated the relationship
between the magnitude of differential item functioning (DIF) and the content measured
by the DIF items. They found that on the AP U.S. History multiple choice items, males
tended to perform better on items relating to war, political parties, elections, and the time
period after World War II, whereas females tended to perform better on items relating to
arts and literature, marginalized groups, social reform movements, religion, and women.
Finding similar patterns across AP exams, the authors postulated that the difference in
values emphasized by the two genders explain this content-related variation.
Moore, Combs, and Slate (2012) examined the extent to which high school boys
and girls performed differently on the most frequently administered AP exams in 2007
and 2011. The top ten AP exams taken by boys and girls in both years were English
Literature and Composition, U.S. History, English Language and Composition, Calculus
AB, Government Politics U.S., Biology, Psychology, Spanish Language, World History,
European History, Statistics, and Chemistry. Girls outnumbered boys among examinees
for all but two of the ten most frequently taken exams; the exceptions were Calculus AB
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and Chemistry. In both 2007 and 2011, boys outperformed girls in all but two of the ten
most frequently taken exams, which were English Literature and Composition and
Spanish Language.
English Learner (EL) Status
ELs are students whose first language is not English. Spanish speakers make up
approximately 80% of the total number of ELs (American Federation of Teachers, 2006).
These numbers are consistent with the fact that Hispanics constitute the largest minority
group in the United States (U.S. Census Bureau, 2012a). The enrollment of ELs in
college preparatory courses such as AP is low (American Federation of Teachers, 2006).
EL students have often been tracked into lower-level classes on the basis of language
difficulties or poor performance on standardized tests (Callahan, 2005; Oakes, 2008). The
limited participation on the part of ELs in AP programs has been attributed to poor
understanding of their academic abilities and needs (Torres, 2010). Torres found in her
case study that gifted EL students struggled in their AP courses (with the exception of
Spanish Language) as a result of insufficient proficiency with English. AP Spanish
Language served as a primary gateway to other AP classes for gifted Spanish-speaking
EL students, but they were inadequately prepared for the amount of outside reading and
homework.
Summary
This chapter provided a brief history of the AP program and described how it
expanded to become a standard feature of American high school education. Research on
the validity of AP exams serves mainly two purposes: (1) providing support for the
appropriateness of the exam score as a representation of the skills and knowledge needed
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for mastery of the content, and (2) evaluating the appropriateness of the credit and
placement decision. The current study serves the second purpose, in particular examining
whether AP exam scores predict college outcomes differently for different subgroups.
I summarized research investigating the relationship between AP experience and
college outcomes. The research was grouped into three categories based on the nature of
the AP experience: (1) taking an AP exam and performing well on it, (2) taking an AP
exam irrespective of performance on the exam, and (3) taking an AP course, irrespective
of both exam participation and performance. Studies have generally shown positive
results of student placement as a result of successful AP exam performance; in general,
students who scored well on AP exams and were exempted from introductory college
courses were found to perform as well in subsequent coursework as students who did not
take AP exams. In addition, high-scoring AP students were characterized by higher firstyear GPAs, more earned credit hours during the first year, and a better graduation rate
relative to students with no AP experience. Similarly, students who took AP exams in
general attended a four-year postsecondary institution or subsequently obtained a degree
in a field closely related to the subject of their AP exam at a higher rate relative to
students who did not participate in AP. On the other hand, after accounting for various
student background variables, studies have found a minimal effect of AP course taking on
student outcomes in college.
Many school and student characteristics are also thought to have some
relationship with AP performance. Studies have found a positive effect of school size and
the number of AP courses offered. Furthermore, a rigorous high school experience
appears to be more important than demographic factors related to SES and race. Another
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significant school-level characteristic is whether the school is private or public. Strong
predictors of AP performance at the student level include prior academic performance,
socioeconomic background, and educational expectations. Studies have also borne out
gender and racial/ethnic differences in AP participation and performance.
Shaw, Marini, and Mattern (2013) showed the added value of AP, above and
beyond HSGPA and SAT, in predicting college outcomes. Specifically, they found the
average AP score of a student, the number of AP exams taken by a student earning a
qualifying score, and the number of AP exams taken overall divided by the number of AP
courses offered by the high school to add most incremental validity to the prediction of
FYGPA. The present study addresses the possible differential validity of AP exams as
predictors of college-level outcomes (FYGPA and retention rates) for different subgroups
defined by ethnicity, gender, SES, and language, controlling for previous achievement,
high school size and the number of AP courses offered by the high school.
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CHAPTER 3
METHODOLOGY AND RESEARCH DESIGN
Introduction
Chapter 2 reviewed the existing literature on the AP experience and college
outcomes. Many studies have identified school and student characteristics showing some
relationship with AP performance. Other studies have shown the incremental validity of
AP scores, above and beyond HSGPA and SAT, in predicting college outcomes.
However, there is a lack of research on the differential predictive validity of AP variables,
especially after controlling for the unreliability of the predictors, and the current study
addresses this gap in the literature.
Problem and Purpose Overview
The purpose of this study is to investigate (1) whether AP exam performance,
college outcomes, and high school characteristics, differ by ethnicity, gender, highest
parental education level, and language group (i.e., English vs. another language as one’s
best language); (2) whether AP exams shows differential prediction across subgroups,
and (3) whether AP exams show differential prediction after controlling for previous
achievement (e.g., SAT scores, HSGPA) and high-school-level variables (e.g., enrollment
numbers, number of AP courses offered). In addition, the present study controls for the
unreliability of some predictors such as SAT scores, which enables a more definitive
judgment of whether any observed differential prediction indicates meaningful bias.
Previous studies often used single-level regression analyses to investigate differential
prediction, while this study uses HLM to account for the nested structure of data (i.e.,
students in post-secondary institutions) and compares the results to standard regression
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analyses. By examining these problems, we can better understand the degree to which AP
variables provide inadequate prediction for certain groups.
Research Questions
As was stated in Chapter 1, the following research questions are considered.
1. Do AP exam performance and college outcomes differ by ethnicity, gender, highest
parental education level, and language group (i.e., English vs. another language as one’s
best language)?
2. Do the AP exams show differential prediction of FYGPA across groups defined by
ethnicity, gender, highest parental education level, and language?
3. Do the AP exams show differential prediction of FYGPA even after controlling for
other achievement variables (e.g., SAT CR, SAT M, SAT W, HSGPA) and high-schoollevel variables (e.g., enrollment number, number of AP courses offered)?
4. Do the AP exams show differential prediction of retention across groups defined by
ethnicity, gender, highest parental education level, and language?
5. Do the AP exams show differential prediction of retention even after controlling for
other achievement and high-school-level variables?
6. How do the differential prediction results obtained from single-level regression models
compare to those obtained from hierarchical models?
Sample
The data used for this study are based on a random ten percent of first-time, firstyear students entering college in the fall of 2007. The data were matched to College
Board records to obtain official SAT scores and responses to the SAT Questionnaire; the
latter includes self-reported HSGPA and demographic information. The initial sample
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consisted of 21,601 students from a national database of college outcomes. SAT scores,
self-reported HSGPA, at least one AP score, and high school information (the number of
courses offered, the number of enrollees) were available for each student in the dataset.
Only the AP exam information available prior to a student's senior year was included in
analyses, thus mimicking what could be provided to an admissions office for
consideration. In detail, exams taken by seniors in 2007 were removed from the dataset.
This exclusion resulted in the final sample of 15,900 students. The post-secondary
institutions represented in the dataset were diverse with respect to U.S. region, private vs.
public status, selectivity, and size.
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Figure 3.1. Sample sizes of post-secondary institutions used for the current study

Sizes of Student Samples of Institutions in Increasing Order
The student samples from the institutions selected for the current study ranged in size
from as small as one to 1,076, and the median was 71 (Figure 3.1).
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A comparison of the SAT scores and HSGPA of the study sample with the 2007
national college-bound population of SAT-takers (N = 1,494,531) showed that the
students in this study were more highly able, with mean SAT scores and HSGPA almost
one standard deviation higher than the population (College Board, 2007). The population
means with respect to the individual SAT sections Critical Reading (M = 502, SD = 113)
Mathematics (M = 515, SD = 114), and Writing (M = 494, SD = 113) were all much
lower than the means of the sample used for this study (601, 614, and 595 respectively).
The higher mean SAT scores of this sample are expected, since students who take AP
exams typically demonstrate stronger academic performance in high school (College
Board, 2013). The distribution of self-reported HSGPA was highly skewed; the majority
of the students (n = 12,332) in the sample earned a HSGPA of 3.67 (A-) or higher. In
contrast, the majority of the college-bound student population in 2007 earned a HSGPA
falling in the B range.
The sample percentage of students who were female (54.66%) was similar to the
corresponding percentage in the national college-bound population (53.40%) (College
Board, 2007). The ethnic composition of the sample was 70.97% White, 11.66% Asian,
9.21% Hispanic, 4.5% African American, 0.47% American Indian, and 3.19% Other or
not stated; these proportions differed from those observed in the national college-bound
population, which contained relatively fewer White and Asian students and more students
of other ethnicities. There was also a substantial difference between the sample and the
college-bound population with respect to parental education; in the sample, 91.42% of the
students had a parent with at least a bachelor's degree, whereas the corresponding
percentage in the college-bound population was only 56%. The English-speaking
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proportion was larger in this sample than in the 2007 college-bound population (77%); to
be specific, 93.42% of the students in the sample spoke English only, 5.92% English and
another language, and 0.66% a language other than English. Table 3.1 displays the
sample percentages falling into each demographic cell.
Table 3.1. Demographic Breakdown of the Sample in Percentages
A parent has at least a
bachelor's degree
Other
English
language

Male

Female

American
Indian
Asian
Black
Hispanic
White
Other
American
Indian
Asian
Black
Hispanic
White
Other

Neither parent has a
bachelor's degree
Other
English
language

.258
4.107
1.239
2.283
30.856
1.069

0
.830
0.038
0.516
0.472
0.176

.013
.465
.176
.585
1.491
.050

0
.214
.013
.434
.025
.031

.176
4.220
2.509
2.931
35.484
1.572

.006
1.044
.113
.862
.522
.138

.019
.547
.396
.774
2.063
.132

0
.233
.013
.824
.057
.025

Variables
AP Average
AP Average is the average score on all of the AP exams taken by a student before
2007. There were 37 distinct exams taken by the students in the sample, including Art
History, Biology, Chemistry, Calculus, Computer Science, U.S. Government, U.S.
History, Human Geography, Statistics, and others. The AP Average variable ranged from
one to five, with a mean of 2.96 and standard deviation of 1.10. An exploratory study by
Shaw, Marini, & Mattern (2013) found AP Average to be a potentially useful predictor
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for college admission professionals. Among all academic variables investigated by these
authors, only HSGPA showed a stronger relationship with FYGPA than AP Average.
They regarded AP Average as almost a standardized HSGPA, because it can partially
compensate for the differences among high schools in grading standards. Similarly,
Bowen, Chingos, and McPherson (2009) found AP Average to be a significant predictor
of six-year graduation rates and concluded that it provides useful information for
selection even after taking into account traditional measures such as HSGPA and the
SAT.
SAT Scores
Official SAT scores were obtained from the College Board. A student's most
recent score was used in the analyses. The SAT consists of three sections, Critical
Reading (CR), Math (M), and Writing (W). Scores on each section ranged from the
minimum 200 to the maximum 800. The mean SAT CR score was 601.12 (SD = 86.78),
the mean SAT M score was 614.43 (SD = 87.38), and the mean SAT W score was 594.6
(SD = 85.8).
High School GPA (HSGPA)
Self-reported HSGPA was obtained from the SAT Questionnaire, which students
completed during registration for the SAT. This variable was reported on a 12-point scale
ranging from A+ (97-100; 4.33) to E or F (Below 65; 0), but here the traditional 0-4 scale
was used. Scores within the sample ranged from the minimal to maximal possible values.
The mean HSGPA was 3.78 (SD = 0.41).
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First-Year GPA (FYGPA)
Each participating institution supplied FYGPA values for their 2007 first-time,
first-year students. Across institutions FYGPA ranged from 0.00 to 4.04, and the mean
FYGPA was 3.14 (SD = 0.66).
Second-Year Retention
Retention is important from the student perspective because it increases lifetime
earnings (College Board, 2005) and also from the perspectives of institutions because
higher retention increases their rankings and financial position (Jamelske, 2009). This
variable recorded whether the student came back for the second year of college.
College-Level Variables
The college admission rate (<50%, 50-75%, and >75% of applicants admitted)
was used as a proxy for selectivity. This variable was coded as one if the admission rate
was below 50%, zero if between 50 and 75%, and -1 if greater than 75%. Whether the
institution is private or public was also used as a covariate (0 indicating public and 1
private).
High School-Level Variables
The enrollment number and the number of AP courses offered at a student's high
school were included. The enrollment number measures the size of the high school, and
the number of AP courses offered was used as a proxy for high school quality. Shaw,
Marini, & Mattern (2013) found that students who attended schools that offer few AP
courses tend not to do as well in college as students who attended high schools with more
AP offerings. Therefore, the number of AP courses offered can be considered as a
measure of high school quality.
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AP Exam Scores for Specific Subjects
Three subjects (Calculus AB, English Language, and U.S. History) were chosen
for analysis based on their popularity and time of revision. Exams that were under
revision at the time of the current study were not considered. These three subjects were
among the most frequently taken AP subjects.
Calculus AB. The subset of the sample taking the AP Calculus AB exam consisted of
1,144 students. The mean Calculus AB score was 3.63 (SD = 1.35).
English Language. There were 2,992 students in the sample who took the AP English
Language exam. The mean score was 2.85 (SD = 1.00).
U.S. History. There were 9,312 students in the sample who took the AP U.S. History
exam. The mean score was 3.01 (SD = 1.24).
Demographic Information
Self-reported ethnicity, gender, highest parental education level, and the best
language spoken were obtained from student responses to the SAT Questionnaire and
were included as control variables.
Ethnicity. Students indicated their race/ethnicity on the SAT Questionnaire. The
categories included (1) Native American or Alaska Native, (2) Asian, Asian American, or
Pacific Islander, (3) Black or African American, (4) Mexican or Mexican American, (5)
Puerto Rican, (6) other Hispanic, Latino, or Latin American, (7) White, and (8) Other. In
this study categories 4, 5, and 6 were combined into a single category titled "Hispanic."
There were 75 Native American or Alaska Native students in the sample; 1,854 Asian
students; 715 African American students; 1,464 Hispanic students; 11,284 White students;
and 508 students who chose the category Other.
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Gender. Students provided gender information (female or male) when they completed
the SAT Questionnaire. There were 8,691 female and 7,209 male students in the sample.
Parental education level. Students provided information about their mother's and
father's education level using the following categories: (0) no response, (1) grade school,
(2) some high school, (3) high school diploma, (4) business school, (5) some college, (6)
associate's degree, (7) bachelor's degree, (8) some graduate school, (9) graduate degree.
There were 10,056 students whose mothers had at least a bachelor's degree and 10,805
students whose fathers met that same benchmark. The correlation between maternal and
paternal education levels was 0.52 (p < .001).
Best language spoken. This variable took on one of three possible categories: (1)
English only, (2) English and another language, and (3) another language. The majority
of students spoke English only (n = 14,853); 942 students spoke English and another
language; and 105 students spoke another language. In the study this variable was
dichotomized so as to group categories (2) and (3) together.
Procedure
Research Question One
The analyses in the study included the computation of sample descriptive
statistics. Means and standard deviations of the individual-level variables were computed
for the total sample and for subgroups defined by gender, race/ethnicity, parental
education, and the best language spoken. In addition, the means and standard deviations
of the school-level variables were computed.
In order to address the first research question regarding differences in nondemographic variables across ethnicity, gender, parental education, and language groups,
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ANOVA and the Kruskal-Wallis analyses were performed. Specifically, when the
dependent variable was an SAT score, AP Average, or the number of AP courses offered
by the high school, a four-way ANOVA was performed. The effect sizes of significant
differences in factor means were also calculated by dividing the sum of squares between
factor levels by the total sum of squares (  2 ) when there were more than two factor
levels. Cohen's d was used as the measure of effect size when there were two factor levels.
The advantage of using Cohen's d is that it does not depend on the sample sizes of the
groups. Note that MANOVA was not used here, because in the Box's M test the
MANOVA assumption of the homogeneity of variance/covariance matrices among the
groups was rejected (p < .001).
When the dependent variable was HSGPA or FYGPA (which was particularly
skewed, g1 = - 1.384), a nonparametric method that does not assume any particular
distributional form was used (i.e., the Kruskal-Wallis test) to test the null hypothesis that
the probability distributions generating the observations are identical across factor levels
(Rice, 2007). The Kruskal-Wallis test replaces all observation values by their ranks in the
combined sample and applies ANOVA to the rank-transformed data (Schafer, 2002). The
effect sizes of significant differences across three or more factor levels were expressed as

2
 
,
N 1
2

where N is the total number of cases. If there were only two factor levels, Cohen's d was
used as the measure of effect size, despite the fact that the group means and standard
deviations are not used in the Kruskal-Wallis test. For second-year retention, which was
binary, Pearson's chi-squared test of independence, based on the statistic
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was used to test the significance of differences in counts. The difference between groups
in sample proportions was used as the measure of effect size.
Differential Prediction
The second through sixth research questions concern differential prediction.
Differential prediction occurs when a test systematically over- or underpredicts the
criterion (i.e., FYGPA and second-year retention) for a particular student subgroup. The
reliability coefficients of the SAT administered from March to December 2007 ranged
from .90 to .92 for the Critical Reading section, .91 to .92 for Mathematics, and .88 to .90
for Writing. Before being entered into the regression equation, the raw scores for each
section were corrected for unreliability using Kelley's equation:

SATCorrected    SATRaw  (1   )  mean(SATRaw ) .

(3.1)

Neither the individual AP exam scores nor the AP Average variable were corrected for
potential unreliability, since the reliabilities of the individual AP exam scores on the oneto-five scale were unavailable: Although the estimated reliabilities of the AP composite
scores (i.e., combined scores on the multiple-choice and free-response items) were
available, only the decision accuracy and consistency estimates of the AP summary
scores (i.e., one-to-five scores) were available. The decision accuracy and consistency
estimates do not represent the ratio of true score variance to observed. The current study
investigates AP summary scores rather than AP composite scores, because the scores on
the one-to-five scale are what are available to colleges. This inability to correct for the
unreliability of the AP measures is a limitation of the present study.
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Hierarchical Modeling
The second through fifth research questions—whether the prediction of FYGPA
and retention on the basis of AP performance differs by ethnicity, gender, parental
education, or language group—were addressed through hierarchical modeling (i.e., mixed
effects modeling). The R package lme4 was used to allow colleges and universities to
have varying regression intercepts and slopes (Bates et al., 2013).
Differential prediction was quantified by (1) subtracting the model-predicted
outcome from the earned outcome (e.g., residual = FYGPAearned  FYGPApredicted ) and
comparing the average of this difference in distinct groups of students, and also by (2) the
presence of significantly differing slope coefficients of demographic indicators and
interaction terms. The first method does not include demographic indicators in the
regression models, whereas the second method requires the inclusion of such indicators.
In the first method, negative average residuals indicate overprediction, whereas positive
average residuals indicate underprediction. For example, if the female FYGPA tends to
be higher than predicted by a regression equation using an AP measure as a predictor,
then the AP measure exhibits differential prediction by gender: There is underprediction
for females. In the second method, if the coefficient of an indicator variable is significant,
it shows that there is an intercept bias; if the coefficient of an interaction term is
significant, it shows that there is a slope bias. Thus, whereas the first method provides a
measure of overall bias across the range of the predictor, the second method is capable of
revealing subtle phenomena such as changes in the sign of the bias as a result of
divergent slopes.
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The steps described in the previous paragraph were applied to expanded models
assessing the extent to which the whole set of predictors (i.e., AP variables, SAT scores,
HSGPA, high school size and quality) exhibit differential prediction. These analyses
addressed the third and fifth research questions. Differential prediction by regression
models containing only the AP variables, as determined in the initial analyses (answering
the second and fourth research questions), was compared with differential prediction by
models containing the additional variables included here.
Lastly, to address the sixth research question, single-level linear and logistic
regression models were fit and their results compared to the results of mixed effects
models. Here, regression models using AP performance, other achievement measures,
and high school background were fit and their results compared to those obtained in the
attempts to answer research questions three and five. The only modeling difference
between the single-level and hierarchical models was that the latter introduced random
variation across colleges in the regression intercept and the coefficient of the AP variable.
Figure 3.2 shows that the sample distribution of FYGPA was highly skewed ( g1
= -1.384); more than 67% of the students earned a FYGPA exceeding three. The linear
mixed effects models assume that the regression residuals are normally distributed. When
hierarchical linear models are fit with an outcome that is highly skewed, the distribution
of residuals also tend to be highly skewed (Raudenbush, Bryk, Cheong, Congdon, Jr., &
du Toit, 2011), which was the case in the hierarchical models fit to untransformed
FYGPA in the course of addressing research questions two, three, and six.. In order to
satisfy the assumption of normality, each student's FYGPA was transformed to its
corresponding sample percentile, which was in turn transformed to the appropriate z
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score of the standard normal distribution. Figure 3.3 shows that this quantile
transformation was successful in producing a roughly normal distribution. Both
transformed and untransformed FYGPA were used in the appropriate analyses to ensure
the robustness of the results.
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Models to Investigate Research Question Two
The second question concerns whether there is differential prediction of FYGPA
using an AP variable as the single achievement variable. Four different AP variables were
studied: AP Average (n = 15,900), AP English (n = 6,993), AP Calculus AB (n = 1,145),
and AP U.S. History (n = 9,313).
HLM without demographic indicators at level 1. At the student level (level 1), the only
predictor was AP Average, which was grand-mean centered. The model of the FYGPA
earned by the ith student within the jth institution had the following form at level 1:

FYGPAij   0 j  1 j ( APaverage)ij  rij .

(3.2)

The level-1 intercept (  0 j ) and slope of AP Average ( 1 j ) were predicted with the
institution-level (level-2) variables. The level-2 model of the pth coefficient for the jth
institution had the following form:

 pj   p 0   p1 ( Selectivity ) j   p 2 ( Private) j  u pj , 0  p  1 .

(3.3)

The likelihood ratio test was used to test whether this model provides a significantly
better fit than a more parsimonious model. In a model such as this one, without
demographic indicators, the only non-AP parameters that can be set to zero for the sake
of parsimony are the level-2 coefficients and random variation across institutions.
However, it is worth pointing out here that, in all models addressing research questions
two through five, variation across institutions in the intercept of (3.3) was always found
to be necessary and hence never set to zero. The residuals of the regression model were
used to determine the pattern of over- and underprediction.
HLM with demographic indicators at level 1. The model now included indicators for
gender (0 = female, 1 = male), ethnicity (with separate indicators for American Indian,
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Asian, Black, Hispanic, and Other; a White subject was assigned the value 0 for each of
these variables), the best language spoken (0 = English, 1 = Not English), and parental
education level (0 = bachelor's degree or above, 1 = below bachelor's degree) as well as
their interactions with AP Average. The level-1 model had the following form:
FYGPAij   0 j  1 j ( APaverage)ij   2 j ( Male)ij   3 j ( Amerindian)ij
  4 j ( Asian)ij   5 j ( Black )ij   6 j ( Hispanic)ij   7 j (OtherEthnicity )ij
 8 j ( BelowBachelor )ij   9 j ( NotEnglish)ij  10 j ( Male  APaverage)ij
 11 j ( Amerindian  APaverage)ij  12 j ( Asian  APaverage)ij
 13 j ( Black  APaverage)ij  14 j ( Hispanic  APaverage)ij

(3.4)

 15 j (OtherEthnicity  APaverage)ij  16 j ( BelowBachelor  APaverage)ij
 17 j ( NotEnglish  APaverage)ij  rij .

The level-2 equations had the following form:

 pj   p 0   p1 ( Selectivity ) j   p 2 ( Private) j  u pj , 0  p  1

 pj   p 0 , for p > 1.

(3.5)

The likelihood ratio test was used to determine the adequacy of a more parsimonious
model as follows. The coefficient with the smallest t statistic was fixed to zero, and if this
reduced model was not rejected when tested against the original full model, the reduced
model was retained for further analysis. This procedure was subject to the following
constraint: the coefficient of an indicator variable was not fixed to zero if its
corresponding interaction with the AP variable was statistically significant. This process
was iterated until it arrived at a reduced model that was rejected. An indicator variable
remaining in the final selected model demonstrates an intercept bias, whereas a remaining
interaction term reveals a slope bias.
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HLM with other AP variables at level 1. The two procedures described above for
detecting differential prediction (i.e., with and without demographic indicators at level 1)
were applied to AP variables other than AP Average. That is, in each set of analyses, AP
Average was replaced by performance on the focal AP exam (English Language,
Calculus AB, or U.S. History). In the sample there were 6,992 students, who took the
English Language AP exam, 1,114 students who took the AP Calculus AB exam, and
9,312 students who took the AP U.S. History exam.
Models to Investigate Research Question Three
The third research question concerns whether the AP exams show differential
prediction of FYGPA across subgroups after controlling for other performance variables
(e.g., SAT scores, HSGPA) and high-school-level variables (e.g., enrollment numbers,
number of AP courses offered).
HLM without demographic indicators at level 1. In this model, the level 1 predictors
were AP Average, the three SAT scores, HSGPA, the number of AP courses offered at
one's high school, and high school size. These variables were grand-mean centered. The
model had the following form at level 1:

FYGPAij   0 j  1 j ( APaverage)ij   2 j ( SATCR)ij  3 j ( SATM )ij
  4 j ( SATW )ij  5 j ( HSGPA)ij   6 j ( HighschoolSize)ij

(3.6)

  7 j (numberAPcourses )ij  rij .
The intercept (  0 j ) and the slope of AP Average ( 1 j ) were modeled at level 2 as
functions of institution selectivity and public/private status. The level-2 equations had the
following form:

 pj   p 0   p1 ( Selectivity ) j   p 2 ( Private) j  u pj , 0  p  1 .
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 pj   p 0 , for p > 1.

(3.7)

The likelihood ratio test was used iteratively, as described above, to test whether this
model provides a significantly better fit than a more parsimonious model with fewer
predictors. The resulting final model was used to determine the pattern of over- and
underprediction.
HLM with demographic indicators at level 1. The demographic indicators and their
interactions with AP Average were included as predictors at level 1. As a result the level1 model had the following form:

FYGPAij   0 j  1 j ( APaverage)ij   2 j ( SATCR )ij  3 j ( SATM )ij
  4 j ( SATW )ij  5 j ( HSGPA)ij   6 j ( HighschoolSize)ij
  7 j (numberAPcourses )ij  8 j ( Male)ij  9 j ( Amerindian)ij
 10 j ( Asian)ij  11 j ( Black )ij  12 j ( Hispanic)ij
 13 j (OtherEthnicity )ij  14 j ( BelowBachelor )ij  15 j ( NotEnglish)ij

(3.8)

 16 j ( Male  APaverage)ij  17 j ( Amerindian  APaverage)ij
 18 j ( Asian  APaverage)ij  19 j ( Black  APaverage)ij
  20 j ( Hispanic  APaverage)ij   21 j (OtherEthnicity  APaverage)ij
  22 j ( BelowBachelor  APaverage)ij   23 j ( NotEnglish  APaverage)ij  rij .
The level-2 equations had the following form:

 pj   p 0   p1 ( Selectivity ) j   p 2 ( Private) j  u pj , for 0  p  1
 pj   p 0 , for p > 1

(3.9)

Model selection was carried out in the manner described previously.
HLM with other AP variables at level 1. The same procedures described in the above
two sections were followed, except that one of the three individual AP exams of special
interest (English Language, Calculus AB, U.S. History) was used as a predictor in the
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place of AP Average. Separate sets of HLM analyses were conducted for each of the
three individual AP exams.
Models to Investigate Research Question Four
The fourth question concerns whether there is differential prediction of secondyear retention when an AP variable is used as the single achievement variable. The
previous models featured a continuous outcome variable. Retention, however, is a binary
outcome (Y = 1 if the student stayed for the second year of college, Y = 0 if the student
did not). This issue was addressed by use of a generalized linear mixed model (GLMM)
in R. This is equivalent to hierarchical nonlinear model (HNLM).
HNLM without demographic indicators at level 1. Because the fourth research
question concerns AP's prediction of retention rates, the conditional model has only the
AP variable. The level-1 structured model was similar to equation (3.2):

ij   0 j  1 j ( APaverage)ij  rij .

(3.10)

Here,  ij is the log odds of returning to college for the second year. At level 2,  0 j was
modeled as a function of the level-2 predictors, the selectivity of the college and private
vs. public status. The other level-1 coefficient, 1 j , was fixed:

 0 j   00   01 ( Selectivity ) j   02 ( Private) j  u0 j ,
1 j   10 .

(3.11)

After model selection, the pattern of over- and underprediction was examined.
HNLM with demographic indicators at level 1. After the inclusion of demographic
indicators and their interactions with AP Average, the level-1 model had the following
form:
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ij   0 j  1 j ( APaverage)ij   2 j ( Male)ij  3 j ( Amerindian)ij   4 j ( Asian)ij
 5 j ( Black )ij   6 j ( Hispanic)ij   7 j (OtherEthnicity )ij  8 j ( BelowBachelor )ij
 9 j ( NotEnglish)ij  10 j ( Male  APaverage)ij
 11 j ( Amerindian  APaverage)ij  12 j ( Asian  APaverage)ij
 13 j ( Black  APaverage)ij  14 j ( Hispanic  APaverage)ij

(3.12)

 15 j (OtherEthnicity  APaverage)ij  16 j ( BelowBachelor  APaverage)ij
 17 j ( NotEnglish  APaverage)ij  rij .

At level 2,  0 j was modeled as a function of the level-2 predictors. Other level-1
coefficients,  pj , p > 0, were fixed:

 0 j   00   01 ( Selectivity ) j   02 ( Private) j  u0 j ,
 pj   p 0 , for p > 0.

(3.13)

Again, after model selection, remaining indicator variables demonstrate intercept bias,
whereas interaction terms demonstrate slope bias.
HNLM with other AP variables at level 1. In line with the analyses used to address
previous research questions, the same broad procedures (i.e., HLM with and without
demographic variables at level 1) were applied to models replacing AP Average with one
of three focal AP exams (English Language, Calculus AB, U.S. History). Separate sets of
HLM analyses were conducted for each of these three exams.
Models to Investigate Research Question Five
The fifth research question concerns whether the AP exams show differential
prediction of second-year retention across subgroups after controlling for other
performance variables (e.g., SAT scores, HSGPA) and high-school-level variables (e.g.,
enrollment numbers, number of AP courses offered). This section describes the two
models predicting second-year retention using all these variables. Again, the first model
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lacked demographic indicators, while the second included them. These two models were
reused to predict second-year retention on the basis of individual AP exam scores instead
of AP Average.
HNLM without demographic indicators at level 1. The level-1 structured model was

ij   0 j  1 j ( APaverage)ij   2 j ( SATCR)ij  3 j ( SATM )ij
  4 j ( SATW )ij  5 j ( HSGPA)ij   6 j ( HighschoolSize)ij

(3.14)

  7 j (numberAPcourses )ij  rij .
At level 2,  0 j was modeled as a function of the level-2 predictors (the selectivity of the
college and private vs. public status). The other level-1 coefficients,  pj , were fixed:

 0 j   00   01 ( Selectivity ) j   02 ( Private) j  u0 j ,

 pj   p 0 , p > 0.

(3.15)

After model selection, the pattern of over- and underprediction was examined.
HNLM with demographic indicators at level 1. After inclusion of the demographic
indicators and their interactions with AP Average, the level-1 model had the following
form:

ij   oj  1 j ( APaverage)ij   2 j ( SATCR)ij  3 j ( SATM )ij   4 j ( SATW )ij
 5 j ( HSGPA)ij   6 j (H ighschoolSize)ij   7 j (numberAPcourses )ij
 8 j ( Male)ij  9 j ( Amerindian)ij  10 j ( Asian)ij  11 j ( Black )ij
 12 j ( Hispanic)ij  13 j (OtherEthnicity )ij  14 j ( BelowBachelor )ij
 15 j ( NotEnglish)ij  16 j (M ale  APaverage)ij
 17 j ( Amerindian  APaverage)ij  18 j ( Asian  APaverage)ij
 19 j ( Black  APaverage)ij   20 j ( Hispanic  APaverage)ij
  21 j (OtherEthnicity  APaverage)ij   22 j ( BelowBachelor  APaverage)ij
  23 j ( NotEnglish  APaverage)ij  rij .
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(3.16)

At level 2,  0 j was modeled as a function of the institutional characteristics used
previously. The other level-1 coefficients,  pj , were fixed:

 0 j   00   01 ( Selectivity ) j   02 ( Private) j  u0 j ,

 pj   p 0 , for p > 0.

(3.17)

Again, after model selection, remaining indicator variables demonstrate intercept bias,
whereas interaction terms demonstrate slope bias.
HNLM with other AP variables at level 1. HNLM with and without demographic
variables at level 1 was applied again, this time after replacing AP Average with one of
three focal AP exams (English Language, Calculus AB, U.S. History). Separate sets of
HNLM analyses were conducted for each of these three exams.
Models to Investigate Research Question Six
The sixth research question concerns the sensitivity of the results regarding
differential prediction to the choice between single-level and hierarchical modeling. The
most important feature of the HLM and HNLM models used in this investigation is the
variation permitted across institutions in the regression intercept and in some cases the
slope of the AP predictor. This section gives the explicit single-level regression models
whose results are to be compared with those obtained from the hierarchical models. The
first model lacks demographic indicators, while the second includes them.
Single-level regression without demographic indicators.

FYGPAi   0  1 ( Selectivity )i   2 ( Private)i   3 ( AP )i
  4 ( SATCR )i   5 ( SATM )i   6 ( SATW )i   7 ( HSGPA)i
 8 ( Highschoolsize)i   9 (numberAPcourses )i
 10 ( Selectivity  AP )  11 ( Private  AP )  rij .

78

(3.18)

Single-level regression with demographic indicators.
FYGPAi   0  1 ( Selectivity )i   2 ( Private)i   3 ( AP )i   4 ( SATCR )i
 5 ( SATM )i   6 ( SATW )i   7 ( HSGPA)i  8 ( HighschoolSize)i
 9 (numberAPcourses )i  10 ( Male)i  11 ( Amerindian)i  12 ( Asian)i
 13 ( Black )i  14 ( Hispanic)i  15 (OtherEthnicity )i  16 ( BelowBachelor )i
 17 ( NotEnglish)i  18 ( Selectivity  AP )i  19 ( Private  AP )i

(3.19)

  20 ( Male  AP)i   21 ( Amerindian  AP)i   22 ( Asian  AP)i
  23 ( Black  AP )i   24 ( Hispanic  AP) i   25 (OtherEthnicity  AP )i
  26 ( BelowBachelor  AP)i   27 ( NotEnglish  AP)i   i .

Single-level logistic regression without demographic indicators.

i   o  1 ( Selectivity )i   2 ( Private)i  3 ( AP)i
  4 ( SATCR)i  5 ( SATM )i   6 ( SATW )i   7 ( HSGPA)i
 8 ( HighschoolSize)i  9 (numberAPcourses)i   i .

(3.20)

Single-level logistic regression with demographic indicators.

i   0  1 ( Selectivity )i   2 ( Private)i   3 ( AP )i   4 ( SATCR )i
  5 ( SATM )i   6 ( SATW )i   7 ( HSGPA)i  8 ( HighschoolSize)i
  9 (numberAPcourses )i  10 ( Male)i  11 ( Amerindian)i
 12 ( Asian)i  13 ( Black )i  14 ( Hispanic )i  15 (OtherEthnicity )i
 16 ( BelowBachelor )i  17 ( NotEnglish)i  18 ( Male  AP )i
 19 ( Amerindian  AP )i   20 ( Asian  AP )i   21 ( Black  AP )i
  22 ( Hispanic  AP )i   23 (OtherEthnicity  AP )i
  24 ( BelowBachelor  AP ) i   25 ( NotEnglish  AP )i   i .

(3.21)

Both transformed and untransformed FYGPA were used as outcomes of the linear
regression models. Each AP variable (AP Average, English Language, Calculus AB, U.S.
History) was also used as a predictor, regardless of the outcome.
Summary
This chapter described the demographic and achievement variables studied in this
investigation, the research questions of interest, and the statistical methodology used to
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address those questions. The sample consisted of 15,900 students who took one or more
AP exams prior to their senior year in 2007 and then enrolled in a college or university.
The first research question (i.e., whether AP exam performance, college outcomes, and
high schools characteristics differ by ethnicity, gender, SES, and language groups) will
be addressed by presenting descriptive statistics and performing ANOVA, KruskalWallis, and Pearson's chi-squared tests. The latter three tests provided formal tests of
whether differences among groups are statistically significant. The answers to the second
through sixth research questions—which all, in some way, concern the extent to which
the AP exams show differential prediction of college outcomes—will be sought through
regression analyses.
Specifically, to determine whether using AP scores for the prediction of FYGPA
and second-year retention is biased against certain groups, hierarchical models with only
the AP variable (AP Average, English Language, Calculus AB, or U.S. History) as the
performance indicator were fitted. Because the original FYGPA was highly skewed, a
transformation was performed in an attempt to meet the regression assumption of normal
residuals.
Two approaches were taken to assess the extent to which there was differential
prediction of a given college outcome. First, each demographic group's mean residual
from the common regression line was computed. This mean's departure from zero
provided a measure of overall differential prediction for members of the group. Second,
hierarchical models with binary indicators of various groups and terms corresponding to
the interactions of group status with the AP variable provided a direct statistical test of
intercept and slope biases.
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It is also useful to examine whether the use of AP scores together with other
achievement and high school variables for the prediction of FYGPA and second-year
retention may be biased against certain groups. For this purpose hierarchical models that
included other performance indicators (SAT scores and HSGPA), and high school
variables were fitted. Similar to the procedure described in the previous paragraph,
hierarchical models without demographic indicators were fitted, and the mean residuals
were analyzed. In addition, hierarchical models with demographic indicators and their
interactions with the AP variable were fitted in order to provide statistical tests of
intercept and slope biases. Lastly, to test the robustness of the results with regard to the
choice between hierarchical versus single-level regression models, linear and logistic
multiple regression analyses without a second level were performed.
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CHAPTER 4
RESULTS
Introduction
This chapter addresses the six research questions in great detail. The first research
question — whether AP exam performance, other achievement variables, college
outcomes, and high school characteristics differ by ethnicity, gender, parental education
level, and language spoken — is explored using descriptive statistics, ANOVA, the
Kruskal-Wallis test, and Pearson's chi-squared test. The descriptive statistics of the
colleges and universities represented in the dataset, with respect to institutional selectivity
and public/private status, are also provided in this section. Research questions two
through five are concerned in one way or another with whether AP exam performance
exhibits differential prediction of FYGPA and retention rate and whether any such
differential prediction persists after controlling for other achievement and high school
characteristics. These questions were addressed with HLM or HNLM. The sixth research
question — whether hierarchical and single-level regression models reach different
conclusions regarding differential prediction in these data — is also examined.
Results for Research Question One
Descriptive Statistics
Table 4.1 contains the descriptive statistics of student achievement variables by
gender, ethnicity, language spoken, and parental education. There were 1,482 more
female than male students in this sample. Male students had higher SAT and AP scores
on average than female students. Male and female students had a similar rate of retention
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to the second year of college (~91%). On the other hand, female students had higher high
school and first year college GPAs compared to male students.
In terms of ethnicity, 70.97% of the sample was White, 0.47% American Indian,
11.66% Asian, 4.50% Black, and 9.21% Hispanic; a small percentage, 3.19%, chose the
Other category. Across all of the achievement variables, White, Asian, and Other students
scored higher than American Indian, Hispanic, and Black students. The dispersion of
SAT scores was wider in Asians than in Whites. Some pairs of racial/ethnic groups
showed a difference in average performance of 0.5 to 1 SDs in SAT scores. The same
was true for AP Average (Table 4.1). On the other hand, average HSGPA (which showed
an SD of about 0.4) only ranged from 3.605 to 3.805 across racial/ethnic groups, showing
that there was relatively less across-group variation in this achievement measure. The
same was true of average FYGPA, which ranged from 2.787 to 3.206 across racial/ethnic
groups with an SD of roughly 0.7 SD within each group. Each point from 1 to 5 on the
AP summary metric has a specific meaning; for instance, a score of 3 counts as a
"qualifying" score. Asians and Whites obtained mean AP Averages above 3, whereas the
other groups obtained mean AP Averages below 3. Rates of retention to the second year
were fairly high for all groups, ranging from 85.3% to 94%.
English was the sole language spoken by 93.4% of the sample, whereas 6.6% of
spoke another language or both. The SAT scores of the English Only group were about
0.25 to 0.5 SDs higher than those of Other Language group. The English Only group also
showed a higher mean AP Average, HSGPA, FYGPA, and second-year retention
compared to the Other Language group, but the difference was small. Neither group
showed a mean AP Average exceeding 3.

83

Parental education was a proxy of SES in this study; 91.4% of the sample had at
least one parent who received a bachelor's degree or above, whereas the remaining 8.6%
did not have any parents whose highest education level was at least a bachelor's degree.
Higher-SES students had higher SAT scores, and the difference between the two groups
was more than 0.5 SDs. The two groups did not differ as much in average HSGPA. The
mean AP Average of higher-SES students exceeded 3, whereas those with lower SES did
not. The difference between the two SES groups in FYGPA (0.299) was larger than the
corresponding difference in HSGPA (0.066). A larger proportion of students with higherSES remained in college for their second year.
The most selective colleges and universities, defined as those with admission rates
below 50%, enrolled 16.91% of students in the sample. The majority of students (68.40%)
went to moderately selective institutions with admission rates between 50% and 75%.
About 14.69% of the students went to institutions that admitted over 75% of the
applicants. Males (17.70%) were slightly more likely to attend the most selective
institutions than females (16.26%). Similar proportions of males (14.57%) and females
(14.80%) attended less selective institutions.
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Table 4.1. Means and Standard Deviations of Student Achievement Variables

n

Male

7,209

Female

8,691

American
Indian

75

Asian

1,854

Black

715

Hispanic

1,464

White

11,284

Other
Ethnicity
English
Only
Other
Language
Lower
SES
Higher
SES
Total

508
14,853
1,047
1,364
14,536
15,900

SAT
CR

SAT M

608.698
(86.093)
594.841
(86.849)
582.533
(91.505)
605.189
(92.911)
545.189
(89.258)
546.715
(93.790)
611.02
(80.581)
604.724
(83.700)
604.713
(84.653)
550.201
(99.667)
540.125
(91.027)
606.847
(84.133)
601.123
(86.779)

640.133
(83.252)
592.859
(84.889)
598.933
(96.836)
651.322
(87.351)
538.951
(86.734)
555.874
(90.862)
620.534
(80.555)
617.205
(86.902)
616.197
(85.730)
587.288
(104.448)
563.431
(92.979)
619.066
(85.294)
614.293
(87.378)

SAT W

High
School
GPA

AP
Average

First
Year
GPA

Transformed
FYGPA

594.006
(85.709)
595.093
(85.877)
566.133
(77.719)
603.727
(91.864)
536.825
(87.967)
540.444
(92.139)
603.824
(79.574)
597.992
(85.521)
597.525
(84.092)
553.104
(98.208)
533.592
(85.695)
600.325
(83.557)
594.600
(85.800)

3.756
(0.430)
3.802
(0.401)
3.605
(0.479)
3.782
(0.396)
3.641
(0.446)
3.693
(0.477)
3.805
(0.403)
3.735
(0.415)
3.786
(0.411)
3.718
(0.458)
3.721
(0.459)
3.787
(0.410)
3.781
(0.415)

3.084
(1.105)
2.850
(1.089)
2.712
(1.009)
3.136
(1.103)
2.299
(1.079)
2.574
(1.143)
3.018
(1.076)
2.994
(1.059)
2.957
(1.096)
2.936
(1.193)
2.430
(1.109)
3.005
(1.089)
2.956
(1.103)

3.085
(0.699)
3.192
(0.623)
3.025
(0.788)
3.163
(0.637)
2.787
(0.707)
2.829
(0.779)
3.206
(0.622)
3.117
(0.691)
3.157
(0.652)
2.946
(0.749)
2.870
(0.807)
3.169
(0.639)
3.144
(0.661)

-0.075
(1.020)
0.094
(0.966)
-0.047
(1.037)
0.029
(0.999)
-0.495
(0.894)
-0.298
(0.994)
0.091
(0.981)
-0.031
(1.016)
0.033
(0.911)
-0.204
(1.016)
-0.242
(1.033)
0.041
(0.988)
0.017
(0.995)

Second
Year
Retention
0.917
(0.275)
0.910
(0.287)
0.853
(0.356)
0.940
(0.238)
0.902
(0.297)
0.874
(0.332)
0.915
(0.279)
0.919
(0.273)
0.913
(0.281)
0.910
(0.286)
0.860
(0.347)
0.918
(0.274)
0.913
(0.661)

Table 4.2 shows the percentages of each racial/ethnic group attending institutions
of varying selectivity. The majority of each group attended moderately selective
institutions. Asian, Black, White, and Other students were more likely to attend selective
institutions (< 50%) than less selective ones (> 75%).
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Table 4.2. Percentages Attending Institutions of Varying Selectivity by Ethnic Group

Selectivity
< 50%
50%~75%
> 75%
Private/Public
Private
Public

American
Indian

Asian

Black

Hispanic

White

Other

10.667
58.667
30.667

19.202
69.471
11.327

17.343
70.629
12.028

13.046
64.959
21.995

16.794
68.646
14.560

22.638
67.126
10.236

24
76

32.794
67.206

28.531
71.469

23.634
76.366

31.115
68.885

37.598
62.402

Students who spoke only English were more likely to attend selective institutions
than students who spoke other languages. Specifically, a smaller percentage of the
English Only group (14.50%) than the Other Language group (17.38%) attended
unselective institutions, while a larger percentage of the English Only (17.00%) than the
Other Language group (15.57%) went to selective institutions. Lastly, students with at
least one parent obtaining a bachelor's degree or above attended selective institutions at a
higher rate (17.60%) than students whose parents were not as educated (9.60%).
A majority of students (69.32%) went to public colleges/universities. Female
students (31.35%) were somewhat more likely to attend private institutions than male
students (29.87%). Table 4.3 shows that more than 30% but less than 40% of Asian,
White, and Other students went to private institutions. In addition, students in the English
Only (30.88%) were more likely to attend private institutions than students in the Other
Language group (27.89%), and higher-SES students (31.51%) were more likely to attend
private colleges than lower-SES students (21.77%).
As shown in Table 4.3, the average number of students at the high schools
attended by males (839.337) was somewhat larger than the corresponding female average
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(828.986). Asian students (1062.143) went to the largest high schools, followed by
American Indian (924.933), Other (905.534), Hispanic (862.913), White (795.410), and
Black (724.741) students. Students who spoke other languages (931.491) went to schools
with larger enrollment numbers on average than students who spoke only English
(826.784). Higher-SES students (847.947) went to schools with larger sizes on average
than lower-SES students (681.625).
There was little difference between males (16.642) and females (16.304) in the
number of AP courses offered by their high schools. There was also little difference
between Other Language (16.617) and English Only (16.446). Asian students (18.167)
went to high schools offering the most AP courses, followed by American Indian
(17.293), Other (17.028), White (16.294), Hispanic (15.853), and Black (15.351) students.
The high schools attended by higher-SES students (16.674) offered more AP courses than
those attended by lower-SES students (14.147).
Table 4.3. Means and Standard Deviations of High School Variables
n
Male
Female
American Indian
Asian
Black
Hispanic
White
Other Ethnicity
English Only
Other Language
Lower SES
Higher SES
Total

7,209
8,691
75
1,854
715
1,464
11,284
508
14,853
1,047
1,364
14,536
15,900

Number of AP
Courses Offered
16.642 (6.463)
16.304 (6.545)
17.293 (7.183)
18.167 (6.671)
15.351 (6.349)
15.853 (6.260)
16.294 (6.473)
17.028 (6.468)
16.446 (6.509)
16.617 (6.526)
14.147 (6.301)
16.674 (6.487)
16.458 (6.510)
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High School
Enrollment Number
839.337 (715.490)
828.986 (714.557)
924.933 (828.640)
1062.143 (830.570)
724.741 (632.993)
862.913 (640.407)
795.410 (697.117)
905.534 (772.728)
826.784 (713.241)
931.491 (732.538)
681.625 (573.447)
847.947 (725.226)
833.679 (714.976)

ANOVA Results
I now present the results of applying ANOVA to the group differences in the nondemographic variables. It is important to keep in mind that these differences may be
larger or smaller in a more representative population (e.g., all SAT examinees or all
college-bound high school graduates).
SAT CR. Table 4.4 presents the results of a four-way ANOVA analysis, which shows
that SAT CR scores significantly varied across levels of four factors.
Table 4.4. Four-Way ANOVA of SAT CR
Source
Corrected Model
Intercept
Gender
Race
Language
SES
Error
Total
Corrected Total

Df
8
1
1
5
1
1
15891
15900
15899

SS
12301745
395120785
756615
7507899
1216187
2821044
107426393
5865180200
119728138

MS
1537718
359129785
756615
1501580
1216187
2821044
6760

F
227.5
58449.4
111.9
222.1
179.9
417.3

p
< .001
< .001
< .001
< .001
< .001
< .001

Differences in SAT CR with respect to gender. The mean SAT CR score of
males was 608.698 and that of females was 594.841. This difference in means was
statistically significant (d = .160, p < .001). The magnitude of the effect size indicates
that this gender difference was in fact small.
Differences in SAT CR with respect to race/ethnicity. Table 4.4 shows that
there was at least one significant difference among the racial/ethnic groups ( = .063, p
2

< .001). Differences that remained significant after Tukey's Honestly Significant
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Difference (HSD) post-hoc test are presented in Table 4.5. One can see that the wellknown score gap between whites and other groups was reproduced in this sample.
Table 4.5. Tukey's HSD – Statistically Significant Differences in SAT CR Means between
Racial/Ethnic Groups

Black – American Indian
Hispanic – American Indian
White – American Indian
Black – Asian
Hispanic – Asian
Other – Black
White – Black
Other – Hispanic
White – Hispanic

Difference

Lower Limit

Upper Limit

p

-37.345
-35.819
28.487
-60.000
-58.474
59.536
65.831
58.010
64.306

-65.787
-63.562
1.339
-70.316
-66.667
45.938
56.794
45.943
57.796

-8.902
-8.076
55.635
-49.684
-50.281
73.133
74.868
70.077
70.815

.003
.003
.033
< .001
< .001
< .001
< .001
< .001
< .001

Note. Only significant pairwise differences at the .05 level are presented in this table.
Differences in SAT CR with respect to language spoken. The mean SAT CR of
students who spoke only English was 604.713, while that of students who spoke other
languages or languages in addition to English was 550.201. The difference between the
English Only and Other Language groups was statistically significant (d = .590, p < .001).
Differences in SAT CR with respect to parental education. The mean SAT CR
score of students with at least one parent obtaining a bachelor's degree or above was
606.847, while that of students with less educated parents was 540.125. This difference
was statistically significant (d = .761, p < .001).
SAT M. Table 4.6 presents the results of a four-way ANOVA analysis showing that
SAT M scores significantly varied across levels of four factors.
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Table 4.6. Four-Way ANOVA of SAT M
Source
Corrected Model
Intercept
Gender
Race
Language
SES
Error
Total
Corrected Total

Df
8
1
1
5
1
1
15891
15900
15899

SS
21864993
434934086
7496307
9263695
136036
1836088
99521161
6121346400
121386154

MS
2733124
434934086
7496307
1852739
136036
1836088
6263

F
436.4
69447.9
1197
295.8
21.7
293.2

P
< .001
< .001
< .001
< .001
< .001
< .001

Differences in SAT M with respect to gender. The mean SAT M of males was
640.133; the female mean was 592.859. This moderately large difference in SAT M was
statistically significant (d = .562, p < .001).
Differences in SAT M with respect to race/ethnicity. Table 4.6 shows that there
was at least one significant difference among the racial/ethnic groups (  = .076, p
2

< .001). The results of the multiple comparisons in Table 4.7 show that SAT M tends to
produce larger group differences than SAT CR.
Differences in SAT M with respect to language spoken. The mean SAT M
score of English Only students was 616.197, while the mean of Other Language students
was 587.288. This difference was statistically significant (d = .303, p < .001).
Differences in SAT M with respect to parental education. The mean SAT M
score of students with at least one parent who obtained a bachelor's degree or above was
619.066, while the mean of students with less educated parents was 563.431. This
difference was statistically significant (d = .624, p < .001).
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Table 4.7. Tukey's HSD – Statistically Significant Differences in SAT M Means between
Racial/Ethnic Groups

Asian – American Indian
Black – American Indian
Hispanic – American Indian
Black – Asian
Hispanic – Asian
Other – Asian
White – Asian
Hispanic – Black
Other – Black
White – Black
Other – Hispanic
White – Hispanic

Difference

Lower Limit

Upper Limit

p

52.388
-59.982
-43.059
-112.370
-95.447
-34.117
-30.788
16.923
78.254
81.582
61.330
64.659

25.823
-87.358
-69.762
-122.300
-103.333
-45.412
-36.440
6.633
65.166
72.884
49.716
58.394

78.954
-32.607
-16.356
-102.441
-87.561
-22.822
-25.136
27.214
91.341
90.281
72.945
70.925

< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001

Note. Only significant pairwise differences at the .05 level are presented in this table.
SAT W. Table 4.8 presents the results of a four-way ANOVA analysis showing that SAT
W scores significantly varied across levels of gender, race/ethnicity, language, and
parental education (SES).
Table 4.8. Four-way ANOVA of SAT W
Source
Corrected Model
Intercept
Gender
Race
Language
SES
Error
Total
Corrected Total

Df
8
1
1
5
1
1
15891
15900
15899

SS
11675997
387023193
71052
5171127
398785
3062739
105367159
5738474800
117043156
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MS
1459500
387023193
71052
1034225
398785
3062739
6631

F
220.115
58369
10.716
155.977
60.143
461.908

P
< .001
< .001
.001
< .001
< .001
< .001

Differences in SAT W with respect to gender. The mean SAT W score of males
was 594.006, while the corresponding female mean was 595.093. The effect size of this
difference was miniscule but nevertheless statistically significant (d = .013, p = .001).
Difference in SAT W with respect to race/ethnicity. Table 4.8 shows that there
was at least one significant difference among the racial/ethnic groups in SAT W (

2

= .044, p < .001). The results of the multiple comparisons are presented in Table 4.9.
Tukey's HSD post-hoc test shows that there were no significant score differences among
Asian, White, and Other students, and that each of these groups had higher average
scores than Hispanic and Black students.
Table 4.9. Tukey's HSD – Statistically Significant Differences in SAT W Means between
Racial/Ethnic Groups

Asian – American Indian
Black – American Indian
Other – American Indian
White – American Indian
Black – Asian
Hispanic – Asian
Other – Black
White – Black
Other – Hispanic
White – Hispanic

Difference
37.594
-29.308
31.859
37.691
-66.902
-63.283
61.167
66.999
57.548
63.380

Lower Limit
10.259
-57.476
3.151
10.804
-77.119
-71.397
47.700
58.049
45.598
56.933

Upper Limit
64.928
-1.140
60.567
64.577
-56.685
-55.169
74.634
75.949
69.499
69.827

p
.001
.036
.020
.001
< .001
< .001
< .001
< .001
< .001
< .001

Note. Only significant pairwise differences at the .05 level are presented in this table.
Differences in SAT W with respect to language spoken. The mean SAT W
score of English Only students was 597.525, while the mean score of Other Language
was 553.104. This difference favoring the English Only group was statistically significant
(d = .486, p < .001).
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Differences in SAT W with respect to highest parental education. The mean
SAT W score of students with at least one parent who obtained a bachelor's degree or
above was 600.325, while the mean of students with less educated parents was 533.592.
This difference was statistically significant (d = .789, p < .001).
AP Average. Table 4.10 presents the results of a four-way ANOVA analysis showing
that AP Average scores significantly varied across levels of four factors.
Table 4.10. Four-way ANOVA of AP Average
Source
Corrected Model
Intercept
Gender
Race
Language
SES
Error
Total
Corrected Total

Df
8
1
1
5
1
1
15891
15900
15899

SS
1101.20
9282.61
168.13
476.43
23.39
286.38
18230.65
158269.87
19331.85

MS
137.65
9283
168.13
95.29
23.39
286.38
1.15

F
119.984
8091.320
146.557
83.057
20.389
249.624

p
< .001
< .001
< .001
< .001
< .001
< .001

Differences in AP Average with respect to gender. The mean AP Average of
males was 3.084; the female mean was 2.850. This difference was statistically significant
(d = .213, p < .001).
Differences in AP Average with respect to race/ethnicity. Table 4.10 shows
that there was at least one significant difference among the racial/ethnic groups ( 

2

= .025, p < .001). The results of the multiple comparisons are presented in Table 4.11.
Tukey's HSD post-hoc test shows that Asian, Other, and White students had higher AP
Average scores than American Indian, Hispanic, and Black students. The differences did
not exceed one.
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Table 4.11. Tukey's HSD – Statistically Significant Differences in AP Average Means
between Racial/Ethnic Groups

Asian – American Indian
Black – American Indian
Black – Asian
Hispanic – Asian
White – Asian
Hispanic – Black
Other – Black
White – Black
Other – Hispanic
White – Hispanic

Difference

Lower Limit

Upper Limit

p

0.423
-0.413
-0.837
-0.562
-0.118
0.275
0.695
0.719
0.420
0.444

0.064
-0.784
-0.971
-0.668
-0.194
0.136
0.518
0.601
0.263
0.359

0.783
-0.043
-0.702
-0.455
-0.041
0.414
0.873
0.837
0.578
0.529

.010
.018
< .001
< .001
< .001
< .001
< .001
< .001
< .001
< .001

Note. Only significant pairwise differences at the .05 level are presented in this table.
Differences in AP Average with respect to language spoken. The mean AP
Average of English Only students was 2.957; the mean of Other Language students was
2.936. The effect size was very small but nevertheless statistically significant (d = .018, p
= .007).
Differences in AP Average with respect to parental education. The mean AP
Average of students with at least one parent who obtained a bachelor's degree or above
was 3.005, while the mean of students with less educated parents was 2.430. This
difference was statistically significant (d = .523, p < .001).
Number of AP courses offered by one's high school. Table 4.12 presents the results of
a four-way ANOVA analysis showing that the number of AP courses offered by one's
high school significantly varied across levels of gender, race, and parental education
(SES) but not language.
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Table 4.12. Four-Way ANOVA of the Number of AP Courses Offered by One's High
School
Source
Corrected Model
Intercept
Gender
Race
Language
SES
Error
Total
Corrected Total

Df
8
1
1
5
1
1
15891
15900
15899

SS
15949.55
320422.13
260.06
7119.49
19.04
8239.57
657786.88
4980298.00
673736.43

MS
1993.69
320422.13
260.06
1423.90
19.04
3239.57
41.394

F
48.16
7740.85
6.28
34.40
0.46
199.05

p
< .001
< .001
.012
< .001
.498
< .001

Differences in the number of AP courses offered by one's high school with
respect to gender. The high schools attended by the male students offered 16.642 AP
courses on average, whereas the schools attended by females offered 16.304. Although
this difference was statistically significant, its effect size was negligible (d = .052, p
= .012)
Differences in the number of AP courses offered by one's high school with
respect to race/ethnicity. Table 4.12 shows that there was at least one significant
difference among the racial/ethnic groups (  = .011, p < .001). The results of the
2

multiple comparisons in Table 4.13 show that the schools attended by Asian students
offered the most AP courses on average.
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Table 4.13. Tukey's HSD – Statistically Significant Differences in the Number of AP
Courses Offered by One's High School between Racial/Ethnic Groups

Black – Asian
Hispanic – Asian
Other – Asian
White – Asian
Other – Black
White – Black
Other – Hispanic

Difference
-2.82
-2.31
-1.14
-1.87
1.68
0.94
1.17

Lower Limit
-3.62
-2.96
-2.06
-2.33
0.61
0.24
0.23

Upper Limit
-2.01
-1.67
-0.22
-1.41
2.74
1.65
2.12

p
< .001
< .001
.005
< .001
< .001
.002
.005

Note. Only significant pairwise differences at the .05 level are presented in this table.
Differences in the number of AP courses offered by one's high school with
respect to language spoken. The mean number of AP courses offered by the high
schools of English Only students was 16.446; the corresponding mean of Other Language
students was 16.617. This difference was not statistically significant (p = .50).
Differences in the number of AP courses offered by one's high school with
respect to parental education. The mean number of AP courses offered by the high
schools of higher-SES students was 16.674. In contrast, the mean number offered by the
schools of lower-SES students was 14.147. This difference was statistically significant (d
= .395, p < .001).
High school size. Table 4.14 presents the results of a four-way ANOVA analysis
showing that the size of the high school attended by the student significantly varied
across levels of race and parental education (SES) but not gender or language.
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Table 4.14. Four-Way ANOVA of High School Size
Source
Corrected Model
Intercept
Gender
Race
Language
SES
Error
Total
Corrected Total

Df
SS
MS
8
178350533.65
22293816.71
1
862345991.72 862345991.72
1
71410.68
71410.68
5
123703402.30
24740680.46
1
1477842.11
1477842.11
1
51757041.48
51757041.48
15891 7949074193.37
500224.92
15900 19178246624.00
15899 8127424727.02

F
44.57
1723.92
0.143
49.46
2.95
103.47

p
< .001
< .001
.706
< .001
.086
< .001

Differences in high school size with respect to gender. The mean high school
size for males (839.337) did not significantly differ from that for females (828.986).
Differences in high school size with respect to race/ethnicity. Table 4.14 shows
that there was at least one significant difference among the racial/ethnic groups ( 

2

= .015, p < .001). The results of the multiple comparisons in Table 4.15 show that Asian
students attended the largest high schools on average, followed by Hispanic, Other,
White, and Black students.
Table 4.15. Tukey's HSD – Statistically Significant Differences in Mean High School Size
between Racial/Ethnic Groups

Black – Asian
Hispanic – Asian
Other – Asian
White – Asian
Hispanic – Black
Other – Black
White – Hispanic
White – Other

Difference
-337.40
-199.23
-156.61
-266.73
138.17
180.79
-67.50
-110.12

Lower Limit
-426.14
-269.71
-257.56
-317.25
46.20
63.83
-123.50
-201.55

Upper Limit
-248.66
-128.75
-55.66
-216.22
230.14
297.76
-11.51
-18.70

p
< .001
< .001
< .001
< .001
< .001
< .001
.008
.008

Note. Only significant pairwise comparisons at the .05 level are presented in this table.
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Differences in high school size with respect to language spoken. The difference
between English Only and Other Language students was not statistically significant (p
= .09).
Differences in high school size with respect to parental education. The
difference in average high school size between higher- and lower-SES students was
statistically significant (d = .254, p < .001).
Transformed FYGPA. ANOVA was performed on the normally distributed transformed
FYGPA. The difference between the mean transformed FYGPA of males (-0.075) and
females (0.094) was statistically significant (d = .170, p < .001). The difference between
the mean transformed FYGPA of English Only (0.033) and Other Language students (0.204) was statistically significant (d = .246, p = .003). The difference between the mean
transformed FYGPA of higher-SES (0.041) and lower-SES students (-0.242) was also
statistically significant (d = .280, p < .001). The differences in transformed FYGPA
among racial/ethnic groups was statistically significant (  = .021, p < .001), and Table
2

4.16 shows the result of the multiple comparisons.
Table 4.16. Tukey's HSD – Statistically Significant Differences in Transformed FYGPA
between Racial/Ethnic Groups

Black – American Indian
Black – Asian
Hispanic – Asian
Hispanic – Black
Other – Black
White – Black
Other – Hispanic
White – Hispanic

Difference
-0.45
-0.52
-0.33
0.20
0.46
0.59
0.27
0.39

Lower Limit
-0.79
-0.65
-0.43
0.07
0.30
0.48
0.12
0.31

Upper Limit
-0.11
-0.40
-0.23
0.32
0.63
0.69
0.41
0.47

p
0.002
< .001
< .001
< .001
< .001
< .001
< .001
< .001

Note. Only significant pairwise differences at the .05 level are presented in this table.
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Kruskal-Wallis Test Results
I now present the Kruskal-Wallis test results investigating the hypothesis that the
probability distributions of HSGPA and raw FYGPA are the same across categories of
gender, race/ethnicity, language, and the highest parental education.
HSGPA. As was mentioned previously, HSGPA was reported on a 12-point scale.
Therefore, this variable was ordinal with twelve values. The null hypothesis of equal
HSGPA distributions across categories was rejected for all four demographic factors (p
< .001). Although the means of different groups were not used in this statistical test, I
now describe some of the mean differences (using Cohen's d as the measure of effect size
when there are two factor levels) as an aid to the reader. This is because means are more
informative than medians which must take only one of the twelve values. The mean
HSGPA of males was 3.76 and that of females was 3.80, and this difference had a small
effect size (d = 0.111). Similarly, the mean HSGPA of students who spoke only English
was 3.786 and that of students who spoke other languages only or in addition to English
was 3.718, but the difference between the two language groups had a small effect size (d
= 0.158). In addition, the mean HSGPA of students who had at least one parent with
bachelor's degree or above was 3.787, and that of their counterparts was 3.721, whose
difference again had a small effect size (d = 0.152). The difference among race/ethnicities
also had a small effect size ( = 0.011), where American Indian, Hispanic, Black, and
2

Other students had the median HSGPA of 3.67 while Asian and White students had the
median of 4. The mean HSGPA values of race/ethnicities are found in Table 4.1.
FYGPA. Untransformed FYGPA was a continuous variable with a negatively skewed
distribution. The null hypothesis of equal FYGPA distributions across categories were
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rejected for all four demographic factors (p < .001). The mean FYGPA of males and
females were 3.085 and 3.192 respectively (d = .162). The mean FYGPA of English Only
students was 3.157, while the mean of Other Language students was 2.946 (d = .300).
The mean FYGPA of students who had at least one parent with a bachelor's degree or
above was 3.169, while the mean FYGPA of students with less educated parents was
2.870 (d = .411). In terms of differences among racial/ethnic groups (  = .039), there
2

were significant differences in score distributions whenever the Asian, White, or Other
group was one member of the pair and the Black or Hispanic group was the other.
Pearson's Chi-Squared Test Results
Second-year retention. The second-year retention rate for the sample used in this study
was 0.913, which was much higher than the national average of 0.687 among all U.S.
institutions of higher education in 2007 (Jamalske, 2009). The two-sample test for
equality of proportions indicated that there was no difference in the second-year retention
rate between males and females (p = .519) or between English Only and Other Language
students (p = .771). However, whereas 92% of the higher-SES students remained for their
second year, only 86% of the lower-SES students did so, and this difference was
statistically significant (p < .001).
Table 4.17. Statistically Significant Differences in Retention Rate between Racial/Ethnic
Groups
Difference
p
Asian – Hispanic
0.066
< .001
Asian – White
0.025
.005
Asian – Black
0.038
.015
Hispanic – White
-0.041
< .001
Note. Only significant pairwise differences at the .05 level are presented in this table.
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There were statistically significant differences in second-year retention rate
among different race/ethnicities (Table 4.17)
Results for Research Question Two
This section investigates whether the predictive relationship between AP scores
and FYGPA differs by ethnicity, gender, parental education, and language, according to
the residual-based approach that does not use demographic indicators in the regression
model. Both transformed and untransformed FYGPA were used as the dependent variable.
The models used for the analyses are equations (3.2) through (3.5). Figures 4.1 and 4.2
facilitate comparison across predictors and subgroups.
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Figure 4.1. Research question two: Differential prediction of transformed FYGPA by
HLM.
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Figure 4.2. Research question two: Differential prediction of untransformed FYGPA by
HLM.
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FYGPA as the Outcome and AP Average as the AP Predictor
First method: Model without demographic indicators. This analysis examined
whether AP Average systematically over- or underpredicted the FYGPA of students
belonging to subgroups defined by gender, race/ethnicity, parental education, and
language; and if so, how this bias compares to the bias observed when using predicting

103

FYGPA on the basis of the SAT or HSGPA. Note that the selectivity and private/public
status of each institution was controlled in these models, and all three SAT variables (i.e.,
SAT V, SAT M, SAT W) were employed together in any single models using the SAT.
As summarized in Table A.1, the direction of over- or underprediction for each
subgroup mostly coincided across the three predictors (AP Average, SAT, HSGPA) and
also did not strongly depend on whether FYGPA was transformed. To begin, both
transformed and untransformed FYGPA outcomes were underpredicted for females and
overpredicted for males using AP Average only, SAT only, and HSGPA only. With
regard to ethnicity, the FYGPA of students belonging to traditionally underrepresented
minority groups (i.e., Black and Hispanic) were overpredicted rather substantially. The
FYGPA of White students was underpredicted, but it should be kept in mind that
substantial bias with respect to one group must be accompanied by substantial bias with
respect to another group (because of the fact that the grand mean of the residuals is
constrained to equal zero). A perhaps more innocuous way of putting the results with
respect to ethnicity is that if the majority White group is used to fit the model, then the
FYGPA of Black and Hispanic students is materially overpredicted. The SAT actually
resulted in a smaller amount of differential prediction than either AP Average or HSGPA.
Both transformed and untransformed FYGPA outcomes of students lacking a
parent earning a bachelor's degree or above were overpredicted by AP Average, SAT,
and HSGPA. There was very little underprediction for students whose parents had
bachelor's degree or above; because these students constitute a strong majority of the
sample the mean of their residuals is fairly insensitive to any overprediction of lower-
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SES students. Lastly, the FYGPA outcomes of students who spoke languages other than
English were overpredicted by all three measures.
Second method: Model with demographic indicators. I now examine intercept and
slope biases by including the demographic indicators and their interactions with AP
Average in the regression model. The results using transformed and untransformed
FYGPA as outcome variables are shown in Table A.2. Each additional level of selectivity
(coded as a 3-level ordinal variable) was associated with a decrease of 0.190 in the
average transformed FYGPA of the attending students. AP Average had a significantly
positive relationship with transformed FYGPA: Each one-unit increase in AP Average
was associated with a decrease of 0.334 in expected transformed FYGPA.
The reference group consisted of White female students who spoke English as
their best language and who also had at least one parent with a bachelor's degree or
higher. There were intercept differences between this reference group and others: The
average transformed FYGPA was lower for males; Black, Hispanic, and Other students;
students whose parents were not as well educated; and students who spoke languages
other than English. There were also slope differences for males; Asians and Hispanics;
and Other Language students. Specifically, relative to the reference group described
above, the relationship between AP Average and transformed FYGPA was stronger for
Asian students and weaker for males, Hispanics, and those who spoke languages other
than English.
In the model using untransformed FYGPA as the outcome, the Selectivity
variable was no longer a significant predictor of FYGPA. Instead, private institutions
tended to award higher grades than public institutions (  02 = 0.090), and the positive
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relationship between AP Average and FYGPA tended to be slightly weaker for private
schools (  11 = -0.041). The findings with respect to intercept differences were very
similar to those obtained from the use of transformed FYGPA as the outcome: Males,
Blacks, Hispanics, Other students, students with less educated parents, and Other
Language students all showed lower intercepts than the reference group. However, the
slope differences between Hispanics and Whites, between Asians and Whites, and
between females and males observed in the prediction of transformed FYGPA were no
longer present in this analysis.
FYGPA as the Outcome and AP English Score as the AP Predictor
First method: Model without demographic indicators. I now turn to whether particular
AP exam scores, as opposed to the average of all AP scores, systematically over- or
underpredicted the FYGPA of students belonging to subgroups defined by gender,
race/ethnicity, parental education, and language. I begin with the differential prediction of
FYGPA by the English AP exam.
In the sample females who took the AP English exam outnumbered males who
did so (Table A.3). Much like the AP Average variable, AP English underpredicted
female FYGPA (both transformed and untransformed) and overpredicted male FYGPA.
The outcomes of Black, Hispanic, and Other students were overpredicted, whereas those
of White students were underpredicted. Asian students were fairly accurately predicted.
Furthermore, the FYGPA of students whose parents did not complete college or who
spoke languages other than English were overpredicted.
Second method: Model with demographic indicators. I now examine intercept and
slope biases by including the demographic indicators and their interactions with AP
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English in the regression model. The results are shown in Table A.4. AP English had a
significantly positive relationship with the FYGPA outcomes. The reference group
continued to be White female students who spoke English as their best language and who
had at least one parent with a bachelor's degree or higher. There were intercept
differences between the reference group and others: Expected transformed and
untransformed FYGPA were lower for males, Blacks, Hispanics, and students whose
parents did not obtain a bachelor's degree. There were no slope differences when the
outcome variable was transformed FYGPA. However, when the outcome variable was
untransformed FYGPA, there was a stronger positive relationship between AP English
and FYGPA for Black and Hispanic students.
FYGPA as the Outcome and AP Calculus AB Score as the AP Predictor
First method: Model without demographic indicators. This analysis examines whether
AP Calculus AB scores systematically over- or underpredicted the FYGPA of students
belonging to subgroups defined by gender, race/ethnicity, parental education, and
language (Table A.5). More males took the AP Calculus AB exam than females. In line
with the differential prediction observed when AP Average or AP English were used as
predictors, both transformed and untransformed FYGPA were underpredicted for
females and overpredicted for males. In addition, Black, Hispanic, and Asian FYGPA
were overpredicted. The overprediction of Black and Hispanic FYGPA is probably
genuine because it follows the pattern set by the previous AP predictors, but note that in
this case the sample sizes are quite small. Again, both outcomes were overpredicted on
average by AP Calculus AB for students whose parents had below bachelor's degree and
those who spoke languages other than English.
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Second method: Model with demographic indicators. This analysis examines the
intercept and slope biases by including the demographic indicators and their interactions
with AP Calculus AB variable (Table A.6). AP Calculus AB had a significantly positive
relationship with the outcomes. In this analysis also, the reference group was White
female students who spoke English as their best language and had parents who had
bachelor's degree or higher. There were intercept differences between this reference
group and others: The average transformed FYGPA of male and students whose parents
had a below bachelor's degree were lower by 0.246 and 0.419 respectively. Using
untransformed FYGPA, the significant effect of the male indicator was not present. The
only statistically significant indicator variable was Low SES, and these students were
predicted to obtain 0.271 lower points on average on FYGPA than the reference group.
Regarding race/ethnicity, the moderate to large overprediction for Black, Hispanic, and
Other Language students observed earlier was not reflected in this model possibly due to
the small sample sizes for these groups (n = 35, 87, & 90).
FYGPA as the Outcome and AP U.S. History Score as the AP Predictor
First method: Model without demographic indicators. I now examine whether AP U.S.
History score systematically over- or underpredicted transformed and untransformed
FYGPA for gender, racial/ethnic, parental education, and language subgroups (Table
A.7). The sample taking the AP U.S. History exam (n = 9,312) was larger in size
compared to the sample taking the AP English exam (n = 6,994) and Calculus AB exam
(n = 1,144). The under- and overprediction trend for gender, SES, and Language was the
same using AP U.S. History predictor as the other previous predictors (i.e.,
overprediction for males, lower-SES, Other Language groups). The trend of
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overprediction for Black and Hispanic students and the underprediction for White
students was also repeatedly shown. Here, Asian students were generally accurately
predicted. The outcomes of the Asian students were accurately predicted using all AP
predictors but AP Calculus AB, where they were overpredicted. The outcomes of
students of other ethnicities was overpredicted on average using AP predictors but AP
Calculus AB, in which they were underpredicted.
Second method: Model with demographic indicators. I now turn to the intercept and
slope biases by including the demographic indicators and their interactions with AP U.S.
History variable (Table A.8). AP U.S. History had a significantly positive relationship
with FYGPA outcomes. In addition, the more selective the school was, the lower the
transformed FYGPA. The selectivity was not a significant predictor of untransformed
FYGPA, but it mediated the relationship between AP U.S. History and untransformed
FYGPA: In more selective schools, the relationship between AP U.S. History and
untransformed FYGPA was weaker. There were intercept differences between the
reference group (i.e., White female students who spoke English as their best language and
had parents who had bachelor's degree or higher) and others in predicting the two
FYGPA outcomes: The intercepts of male, Black, Hispanic, Other Ethnicity students, and
students whose parents had a below bachelor's degree were lower.
Results for Research Question Three
This section investigates whether AP's prediction of FYGPA differs by ethnicity,
gender, highest parental education level, and language groups controlling for other
predictors (SAT, HSGPA, & high school variables). The models used for the analyses are

109

equations (3.6) and (3.9). Figure 4.3 and Figure 4.4 summarize the results for research
question three based on models without demographic indicators.
Figure 4.3. Research question three: Differential prediction of transformed FYGPA by
HLM

F

F

M

M

APave

APEng

F

F
M

M

APcalc

U.S.Hist

-0.4 -0.2 0.0

-0.4 -0.2 0.0

0.2 0.4

Differential Prediction by Race

0.2 0.4

Differential Prediction by Gender

H

H
L

L

APave

APEng

APcalc

W
O
A
H
B

APEng

O
I
W
A
B
H

I
W
A
O
H
B

APcalc

U.S.Hist

Differential Prediction by Language
-0.4 -0.2 0.0 0.2 0.4

-0.4 -0.2 0.0 0.2 0.4

H
L

I
W
O
A
B
H

APave

Differential Prediction by SES

H
L

I

U.S.Hist

110

E
N

E
N

N
E

E
N

APave

APEng

APcalc

U.S.Hist

Figure 4.4. Research question three: Differential prediction of untransformed FYGPA by
HLM
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FYGPA as the Outcome and AP Average as the AP Predictor
First method: Model without demographic indicators. This analysis examines whether
AP Average systematically over- or underpredicted FYGPA outcomes for gender,
racial/ethnic, parental education, and language subgroups, controlling for SAT scores,
HSGPA, high school variables in addition to the selectivity or the private/public status of
college institutions. As shown in Table B.1, there was a smaller amount of differential
prediction using AP Average as a predictor when the other performance variables were
controlled for (Compare with Table A.1). The pattern of differential prediction was the
same between the two models for all but American Indian and Other Ethnicity subgroups
(i.e., underprediction for female, White, higher-SES, and English-speaking subgroups, &
overprediction for male, Asian, Black, Hispanic, lower-SES, and Other Language
subgroups). American Indian students were overpredicted by AP Average as the sole
predictor, whereas in the current model the group was underpredicted. There was also
some overprediction for Other Ethnicity subgroup using the AP Average as the only
predictor, but this group was accurately predicted controlling for other achievement and
high school variables.
Second method: Model with demographic indicators. I now turn to the intercept and
slope biases by including the demographic indicators and their interactions with AP
Average variable controlling for other achievement and high school variables (Table B.2).
All the three SAT variables and HSGPA were statistically significant predictors of the
FYGPA outcomes. These variables and AP Average had positive relationships with the
outcomes. In addition, there was a very small effect of high school size for transformed
FYGPA and the number of AP courses offered for untransformed FYGPA. In both
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models, more selective schools tended to award lower FYGPA. In the model for
transformed FYGPA, private institutions were also predicted to award lower FYGPA
than public institutions. AP Average had a stronger relationship with transformed
FYGPA in private than public schools.
In the model for transformed FYGPA, there were negative intercept biases for
male, Black, Hispanic, Other Ethnicity, and lower-SES students and a negative slope bias
for Hispanic students. In the model for untransformed FYGPA, there were negative
intercept biases for male, Black, Hispanic, lower-SES, and Other Language subgroups. In
general, there were fewer significant intercepts or slopes for subgroups when the other
achievement and high school variables were controlled (Compare with Table B.2).
FYGPA as the Outcome and AP English Score as the AP Predictor
First method: Model without demographic indicators. I now examine whether
particular AP exam scores such as AP English as opposed to the average of all the scores
from the AP exams systematically over- or underpredicted FYGPA outcomes for the
subgroups, controlling for other achievement and high school variables. Except for
gender, American Indian, and Asian subgroups, the amount of differential prediction was
smaller when we controlled for these additional variables (Compare with Table A.3).
There was a consistent pattern of underprediction for female, White, and higher-SES
subgroups, and overprediction for male, Black, Hispanic, lower-SES, and Other
Language subgroups. Additionally, there was a small amount of overprediction for Asian
students.
Second method: Model with demographic indicators. This analysis examines the
intercept and slope biases by including the demographic indicators and their interactions
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with AP English variable. The results using transformed and untransformed FYGPA as
outcome variables are shown in Table B.4. AP English, HSGPA, and SAT variables had
significantly positive relationships with the FYGPA outcomes. Using AP English as a
predictor and with various other variables controlled for, only several subgroups showed
differential intercept biases—male, Black and lower-SES groups. The model using
untransformed FYGPA showed more intercept and slope biases: Hispanic students in
addition to male, Black, and lower-SES groups needed a lower intercept, and Black and
Hispanic subgroups needed separate slopes. The relationships between AP English and
untransformed FYGPA for these latter two groups were stronger than the reference group.
FYGPA as the Outcome and AP Calculus AB Score as the AP Predictor
First method: Model without demographic indicators. This analysis examines whether
AP Calculus AB score systematically over- or underpredicted FYGPA for gender,
racial/ethnic, parental education, and language subgroups controlling for other
achievement and high school variables (Table B.5). Interestingly, the AP Calculus AB
variable was not a statistically significant predictor of transformed FYGPA when we
controlled for other achievement and high school variables.
The amount of differential prediction was smaller in these models compared to
one in Table A.5. One interesting pattern in this model was that there was little
differential prediction for each language group and the White group. In addition, Asian
students were accurately predicted. Each of the gender group, Black, Hispanic groups,
and each of the SES group showed the expected pattern of differential prediction.
Second method: Model with demographic indicators. I now examine the intercept and
slope biases by including the demographic indicators and their interactions with AP
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Calculus AB variable. The results using transformed and untransformed FYGPA as
outcome variables are shown in Table B.6. As was the case for the model without
demographic indicators predicting transformed FYGPA (Table B.5), AP Calculus AB
was not a statistically significant predictor of either transformed or untransformed
FYGPA. The only significant achievement variables in these models were HSGPA and
SAT Writing. The only group that showed any differential intercept or slope was the
lower-SES group. This group was predicted to obtain 0.299 points lower in transformed
FYGPA and 0.201 points lower in untransformed FYGPA than the reference group.
FYGPA as the Outcome and AP U.S. History Score as the AP Predictor
First method: Model without demographic indicators. This analysis examines whether
AP U.S. History score systematically over- or underpredicted transformed or
untransformed FYGPA for gender, racial/ethnic, parental education, and language
subgroups controlling for other achievement and high school variables. The amount of
differential prediction shown in Table B.7 was in general smaller than when only AP
predictors were used in the models (Compare with Table A.7). American Indians and
Asians were the exceptions. American Indians would suffer from underprediction
averaging 0.10 and 0.05 using the current model compared with 0.04 and 0.01 using the
simpler model shown in Table A.7. In addition, there was underprediction for female,
White, and higher-SES groups, and overprediction for male, Asian, Black, Hispanic,
Other Ethnicity, lower-SES, and Other Language groups.
Second method: Model with demographic indicators. I now turn to the intercept and
slope biases by including the demographic indicators and their interactions with AP U.S.
History variable controlling for other achievement and high school variables. The results
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using transformed and untransformed FYGPA as outcome variables are shown in Table
B.8. AP U.S. History had a significantly positive relationship with both outcomes. In
addition, the more selective the school was, the lower the outcomes. There were intercept
differences between the reference group (i.e., female students who are not Black or
Hispanic and have parents with bachelor's degree or higher) and others: The average
transformed FYGPA of male, Black, and students whose parents had a below bachelor's
degree were lower. Hispanic students as well as male, Black, and lower-SES students had
negative intercept biases in the model for untransformed FYGPA. Other Ethnicity group
who displayed a negative intercept bias in the model that did not control for the other
variables no longer displayed the bias in the current model (Table A.8).
Results for Research Question Four
This section investigates whether AP's prediction of the second-year retention
differs by ethnicity, gender, highest parental education level, and language groups. The
models used for the analyses are equations (3.10) and (3.13). Figure 4.5 summarizes the
results for research question four concerning the models without demographic indicators.
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Figure 4.5. Research question four: Differential prediction of second-year retention by
HNLM
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Second-year retention as the Outcome and AP Average as the AP Predictor
First method: Model without demographic indicators. This analysis examined
whether AP Average systematically over- or underpredicted second-year retention for
gender, racial/ethnic, parental education, and language subgroups, and if so, how this
over or underprediction compared to the differential prediction findings of the SAT and
HSGPA (Table C.1). The selectivity or the private/public status of institutions was also
controlled in these models. The pattern of differential prediction was the same across the
three predictors. There was close to zero differential prediction of second-year retention
rates among gender and language groups. There was overprediction for the lower-SES
group, Hispanic, and American Indian groups, and underprediction for Asian and Black
students.
Second method: Model with demographic indicators. I now examine the intercept and
slope biases by including the demographic indicators and their interactions with AP
Average variable. The result using the second-year retention as the outcome variable is
shown in Table C.2. The estimated coefficient for the intercept is the log odds of a
student who is not Asian speaks English, whose parents have above bachelor's degree,
who attends a university of medium selectivity, and has a mean score of AP Average.
The odds of staying at one's college for one's second year for this reference group are
10.014. If one attends more selective schools and if one is Asian, the retention rate is
higher on average. In addition, the interaction between language status and AP is
statistically significant, indicating the slopes for the second-year retention on AP are
significantly different for each language status: The slope for Non-English group is lower
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by -0.239 in log odds metric. The intercept for the Other Language group was not
statistically significant.
Second-year Retention as the Outcome and AP English Score as the AP Predictor
First method: Model without demographic indicators. This analysis examines whether
AP English score systematically over- or underpredicted second-year retention for gender,
racial/ethnic, parental education, and language subgroups (Table C.3). The differential
prediction in the second-year retention rate was generally very small for all subgroups.
There was a small overprediction for Hispanic students and students with lower SES, and
underprediction for American Indian, Asian, and Other Language groups.
Second method: Model with demographic indicators. I now focus on the intercept and
slope biases by including the demographic indicators and their interactions with AP
English variable (Table C.4). The odds of non-Asian students to remain for their second
year were 13.131, and those of Asian were higher, 22.692. If one attended more selective
colleges, there would be a greater likelihood that the student remains for a second-year.
In addition, with one unit increase in AP English score, we expect to see about a 37.3%
increase in the odds of second-year retention.
Second-year Retention as the Outcome and AP Calculus AB Score as the AP
Predictor
First method: Model without demographic indicators. This analysis examines whether
AP Calculus AB score systematically over- or underpredicted second-year retention for
gender, racial/ethnic, parental education, and language subgroups (Table C.5). Unlike the
differential prediction pattern for FYGPA variables, females' retention rate was
overpredicted, and males underpredicted using AP Calculus AB. Another difference was
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that, Black students' retention was underpredicted, while Hispanic and White students'
overpredicted.
Second method: Model with demographic indicators. I turn to the intercept and slope
biases by including the demographic indicators and their interactions with AP Calculus
AB variable (Table C.6). In this model, no student subgroups needed a different
prediction equation (i.e., no intercept or slope biases). The odds of retention for students
with a mean score in AP Calculus AB were 13.131. For a unit increase in AP Calculus
AB score, we expect to see about 38.3% increase in the odds of second-year retention.
Second-year Retention as the Outcome and AP U.S. History Score as the AP
Predictor
First method: Model without demographic indicators. This analysis examines whether
AP U.S. History score systematically over- or underpredicted second-year retention for
gender, racial/ethnic, parental education, and language subgroups (Table C.7). Again
there was not a large amount of differential prediction across the student subgroups. A
consistent pattern was that Hispanic students showed overprediction, while Asian and
Black students slight underprediction. Students who spoke other languages were slightly
underpredicted, and those with lower SES were slightly overpredicted.
Second method: Model with demographic indicators. I now examine the intercept and
slope biases by including the demographic indicators and their interactions with AP U.S.
History variable (Table C.8). The estimated coefficient for the intercept is the log odds of
a student who attends colleges of average selectivity, who is not Asian, and whose
parents have a bachelor's degree or above, with a mean score of AP U.S. History. The
odds of staying at one's college for one's second year for this group were 11.302. The
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odds of retention for students with lower SES were lower. If one attended more selective
schools and if one were Asian, the retention rate was higher on average. In addition, for
one unit increase in the AP Average score, the expected change in odds of second-year
retention was 1.280. That is, we expect to see about 28% increase in the odds.
Results for Research Questions Five
This section investigates whether AP's prediction of the second-year retention
differs by ethnicity, gender, highest parental education level, and language groups
controlling for other achievement and high school variables. The models used for the
analyses are equations (3.14) and (3.17). Figure 4.6 summarizes the results for models
without demographic indicators for research question five.
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Figure 4.6. Research question five: Differential prediction of second-year retention by
HNLM
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Second-year retention as the Outcome and AP Average as the AP Predictor
First method: Model without demographic indicators. This analysis examines whether
AP Average systematically over- or underpredicted second-year retention for gender,
racial/ethnic, parental education, and language subgroups, controlling for other
achievement and high school variables in addition to the selectivity and the private/public
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status of institutions (Table D.1). Similar to the results that did not control for other
predictors, there was minimal differential prediction of second-year retention among
gender and language groups. There was a small amount of overprediction for American
Indian, Hispanic, and lower-SES groups, and underprediction for Asian and Black
students.
Second method: Model with demographic indicators. I now turn to the intercept and
slope biases by including the demographic indicators and their interactions with AP
Average variable (Table D.2). The estimated coefficient for the intercept is the log odds
of a student who is not Asian or Black, who speaks English, who attends a high school
that offers the mean number of AP courses (about 16), whose parent has at least a
bachelor's degree, and who obtained the mean scores of AP Average, SAT Writing, and
HSGPA. The odds of staying at one's college for one's second year for this reference
group were 8.74. If one attended more selective schools, or was Asian or Black, the
expected retention rate was higher. “Not English” intercept was not statistically
significant, although it was included in the model because its interaction with AP was
significant. If one's parental education was below bachelor's degree, the expected
retention rate was lower. The significant interaction between AP and Not English
indicated that the slope of the second-year retention on AP is gentler for this group.
Second-year Retention as the Outcome and AP English Score as the AP Predictor
First method: Model without demographic indicators. This analysis examines whether
AP English score systematically over- or underpredicted second-year retention for gender,
racial/ethnic, parental education, and language subgroups (Table D.3). The differential
prediction in the second-year retention rate was generally small for all subgroups. There
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was some overprediction for American Indian, Hispanic students and students with lower
SES, and underprediction for Asian, Black, and students speaking other languages.
Second method: Model with demographic indicators. I turn to the intercept and slope
biases by including the demographic indicators and their interactions with AP English
variable (Table D.4). AP English variable was not a significant predictor of the secondyear retention after controlling for SAT Writing and HSGPA.
Second-year Retention as the Outcome and AP Calculus AB Score as the AP
Predictor
First method: Model without demographic indicators. This analysis examines whether
AP Calculus AB score systematically over- or underpredicted second-year retention for
gender, racial/ethnic, parental education, and language subgroups controlling for other
achievement and high school variables (Table D.5). In this model, however, AP Calculus
AB was not a significant predictor of the second-year retention. Only SATW was the
statistically significant achievement variable.
Second method: Model with demographic indicators. I now examine the intercept and
slope biases by including the demographic indicators and their interactions with AP
Calculus AB variable controlling for other achievement and high school predictors (Table
D.6). As shown in Table D.6, AP Calculus AB was not a significant predictor of the
second-year retention. SAT Writing was the only statistically significant achievement
variable. The number of AP courses offered by high schools was a statistically significant
high school background variable.
Second-year Retention as the Outcome and AP U.S. History Score as the AP
Predictor
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First method: Model without demographic indicators. When AP U.S. History score
was used (Table D.7), again there was not a large amount of differential prediction across
the student subgroups. A consistent pattern was that American Indian and Hispanic
students showed overprediction, while Asian and Black students underprediction;
students who spoke other languages underprediction, and those from lower SES
overprediction.
Second method: Model with demographic indicators. Next are the intercept and slope
biases by including the demographic indicators and their interactions with AP U.S.
History variable (Table D.8). The estimated coefficient for the intercept is the log odds of
a non-Asian student who attends colleges of average selectivity, with a mean score of AP
U.S. History, SAT Math, and HSGPA. The odds of staying at one's college for one's
second year for this group were 11.600. There was only one positive intercept bias for
Asian students: The odds of retention for Asian students were higher compared to the
reference group.
Results for Research Question Six
This section compares the similarities and differences of the differential
prediction results using HLM vs. linear regression or HNLM vs. logistic regression. In
the models used for this comparison, all the achievement and high school variables were
controlled. The models used for the analyses are equations (3.18) through (3.21). Figures
4.7 and 4.8 summarize the results for transformed and untransformed FYGPA using
regression. Figure 4.9 summarize the results for the second-year retention using logistic
regression. These figures concern the models without demographic indicators.
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Figure 4.7. Research question six: Differential prediction of transformed FYGPA by
regression
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Figure 4.8. Research question six: Differential prediction of untransformed FYGPA by
regression
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Figure 4.9. Research question six: Differential prediction of second-year retention by
logistic regression
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FYGPA as the Outcome and AP Average as the AP Predictor
First method: Model without demographic indicators. The directions and magnitudes
of differential prediction using regression and HLM were comparable for both
transformed and untransformed FYGPA when AP Average was used as the AP predictor
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(Table E.1). The only discrepancy across the two methods was found for Other Ethnicity
group for predicting transformed FYGPA. Using regression, this group was slightly
overpredicted by 0.01 on average, whereas using HLM this group was slightly
underpredicted by 0.01.
Second method: Model with demographic indicators. In the comparison of slope and
intercept differences between regression and HLM predicting transformed FYGPA, male,
Black, and Hispanic students were consistently predicted to have lower intercepts by the
two methods (Table E.2). In addition, both methods showed that Hispanic students had a
more gradual slope than the reference group, indicating a weaker relationship between
AP average and transformed FYGPA. Some discrepancies across regression and HLM
methods existed. For example, Asian students had a negative intercept bias using
regression, although this group displayed no bias using HLM. Other Ethnicity and lowerSES students had negative intercept biases using HLM, although they were not
differentially predicted using regression. In addition, using regression, AP Average was
predicted to have a weaker relationship with transformed FYGPA for Black students, but
not using HLM.
A similar trend in the models for untransformed FYGPA was that male, Black,
and Hispanic students were predicted to have lower intercepts by both regression and
HLM (Table E.2). On the other hand, students whose best language was not English or
whose parents had a lower education level were also predicted to have lower intercepts in
these models by the two methods, which was not the case in the models for transformed
outcome. Regression found differential intercepts and slopes for some subgroups that the
HLM did not find statistically significant. For example, Asian and Other Ethnicity groups
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were predicted to have lower intercepts and Other Language and lower-SES groups more
gradual slopes than the reference group.
FYGPA as the Outcome and AP English as the AP Predictor
First method: Model without demographic indicators. Again when AP English was
used as the AP predictor, the directions and magnitudes of differential prediction using
regression and HLM were comparable for both transformed and untransformed FYGPA
(Table E.3).
Second method: Model with demographic indicators. In the comparison of slope and
intercept differences between regression and HLM predicting transformed FYGPA, male
and Black students were predicted to have lower intercepts by both regression and HLM
(Table E.4). Some discrepancies across regression and HLM methods included lower
intercepts for Asian and Hispanic groups using regression, a steeper slope for Hispanic
students using HLM, and lower intercepts for lower-SES group using HLM. In the
models for untransformed FYGPA, male, Black, Hispanic, and lower-SES groups were
predicted to have lower intercepts by both regression and HLM. Black students were also
predicted to have a steeper slope in both methods.
FYGPA as the Outcome and AP Calculus AB Score as the AP Predictor
First method: Model without demographic indicators. When AP Calculus AB was
used as the AP predictor, the directions of differential prediction mostly agreed between
regression and HLM (Table E.5). Note that the HLM model with transformed FYGPA
outcome, AP Calculus AB was not a statistically significant predictor. White students and
those whose best language was English were accurately predicted.
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Second method: Model with demographic indicators. In the comparison of slope and
intercept biases identified by single-level regression and HLM, only lower-SES students
were predicted to have lower intercepts by both methods (Table E.6). However, note that
AP Calculus AB was not a statistically significant predictor of FYGPA outcomes using
HLM method. One discrepancy between the two methods was a lower intercept for male
students using regression to predict transformed FYGPA.
FYGPA as the Outcome and AP US History Score as the AP Predictor
First method: Model without demographic indicators. When AP U.S. History was
used as the AP predictor, the directions and magnitudes of differential prediction closely
agreed between regression and HLM for transformed FYGPA (Table E.7). The results for
untransformed FYGPA also agreed closely except for American Indians. Using HLM,
American Indian students' untransformed FYGPA was underpredicted on average by 0.05
whereas this group was accurately predicted using single-level regression.
Second method: Model with demographic indicators. In the comparison of slope and
intercept differences between regression and HLM predicting the FYGPA outcomes,
male, Black, and lower-SES students were predicted to have lower intercepts by both
regression and HLM (Table E.8). Some discrepancies between the two methods in
predicting transformed outcome were lower intercepts for Asian and Hispanic students
using regression. In the models for untransformed FYGPA, Hispanic subgroup was
predicted to have lower intercepts by both regression and HLM. Additionally, the
regression method found lower intercepts for Asian and Other Ethnicity students.
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Second-year retention as the Outcome and AP Average as the AP Predictor
First method: Model without demographic indicators. When AP Average was used to
predict second-year retention, the directions and magnitudes of differential prediction
closely agreed between single-level logistic regression and HNLM (Table E.9). Using
both methods, there were very little differential prediction for either gender, Other
Ethnicity, White, higher-SES, and English-speaking groups. The retention rates of
American Indian, Hispanic, and lower-SES groups were overpredicted on average, and
those of Asian, Black, and Other Language groups underpredicted.
Second method: Model with demographic indicators. In the comparison of slope and
intercept biases identified by the two statistical methods, Asian, Black, and Other
Language students had higher odds of retention and lower-SES students lower odds than
the reference group by both methods (Table E.10). In addition, the relationship between
AP Average and the retention was weaker for Other Language group using both methods.
Second-year retention as the Outcome and AP English as the AP Predictor
First method: Model without demographic indicators. Again, when AP English was
used to predict the second-year retention, the directions and magnitudes of differential
prediction closely agreed between single-level logistic regression and HNLM (Table
E.11). Using both methods, there was very little differential prediction for either gender,
Other Ethnicity, White, and English-speaking groups. The retention rates of American
Indian, Hispanic, and lower-SES groups were overpredicted, and those of Asian, Black,
and Other Language groups underpredicted.
Second method: Model with demographic indicators. AP English was not a
statistically significant predictor of the second-year retention in either logistic regression

132

or HNLM. In the comparison of slope and intercept differences between the two methods,
Asian, Black, and Other Language students had higher odds of retention (Table E.12).
Second-year retention as the Outcome and AP Calculus AB as the AP Predictor
First method: Model without demographic indicators. AP Calculus AB was not a
statistically significant predictor of the second-year retention in HNLM analysis, while it
was in logistic regression. However, in both analyses the directions and magnitudes of
differential prediction closely agreed (Table E.13). Using both methods, females'
retention rate was overpredicted, males' underpredicted. The retention rates of American
Indian, Hispanic, White, lower-SES, and English-speaking groups were overpredicted,
and those of Asian, Black, Other Ethnicity, and Other Language groups were
underpredicted.
Second method: Model with demographic indicators. Similar to the models without
demographic indicators, AP Calculus AB was not a statistically significant predictor of
the second-year retention in HNLM analysis, while it was in logistic regression. In the
comparison of slope and intercept differences between the two methods, only male
students had significantly higher odds of retention in HNLM (Table E.14).
Second-year Retention as the Outcome and AP U.S. History Score as the AP
Predictor
First method: Model without demographic indicators. When AP U.S. History was
used to predict the second-year retention, the directions and magnitudes of differential
prediction closely agreed between logistic regression and HNLM (Table E.15). Using
both methods, there were very little differential predictions for either gender, White,
Other Ethnicity, higher-SES, and English-speaking groups. The retention rates of
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American Indian, Hispanic, and lower-SES groups were overpredicted, and those of
Asian, Black, Other Ethnicity, and Other Language groups were underpredicted.
Second method: Model with demographic indicators. In the comparison of slope and
intercept differences between the two methods, Asian students were predicted to have
significantly higher odds of retention using both methods (Table E.16). In addition,
lower-SES students were predicted to have lower odds of retention using logistic
regression.
Summary
Research Question One
The first research question concerned whether AP exam performance, college
outcomes, and high school characteristics differ by ethnicity, gender, parental education,
and language spoken. ANOVA analyses revealed that AP Average scores significantly
varied across levels of all four factors (i.e., gender, race, language, & SES). Males (3.084)
had a significantly higher mean AP Average than females (2.850). With respect to
ethnicity, Asian (3.136), Other (2.994), and White (3.018) students had higher AP
Average scores compared to American Indian (2.712), Hispanic (2.574), and Black
(2.787) students. Students who spoke only English (2.957) outperformed those who
spoke other languages (2.936) on AP Average. Students with higher SES (3.005)
outperformed those with lower SES (2.430).
The number of AP courses offered by one's high schools significantly varied
across levels of gender, race, and parental education. There was a small statistically
significant difference in this variable between males (16.642) and females (16.304).
Asian students tended to attend schools that offered more AP courses compared to any
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other ethnic groups. Other Ethnicity students went to schools that provided more AP
courses on average than Black and Hispanic students. Students with higher SES went to
schools that provided about 2.5 more AP courses on average than those with lower SES.
The high school sizes significantly varied across levels of race and parental
education but not gender and language. Asian students tended to attend schools with the
largest size, followed by White and Black, and Hispanic and Other groups. In addition,
students with higher SES (847.947) went to schools with larger sizes on average
compared to those with lower SES (681.625).
Transformed FYGPA varied across levels of all four factors using ANOVA.
Females (0.094) obtained higher transformed FYGPA on average than males (-0.075).
White students obtained highest transformed FYGPA, followed by Asian, Other,
American Indian, Hispanic, and Black students. Higher-SES students obtained higher
transformed FYGPA on average than lower-SES students. English-speaking students
obtained higher transformed FYGPA on average than their counterparts. Similar to the
ANOVA result for transformed FYGPA, the null hypotheses of equal distributions of
untransformed FYGPA using the Kruskal-Wallis test were rejected for all factors.
Lastly, the Pearson's chi-squared test showed that there was a significant
difference in second-year retention rates between higher-SES (92%) and lower-SES (86%)
groups. In addition, the significant differences in the retention rates existed between
Asian (94%) and Hispanic (87%) students, Asian and White (91%) students, Asian and
Black (90%) students, and Hispanic and White students.
In addition to AP exam performance, college outcomes, and high school
characteristics, this section also explored how student subgroups performed with respect
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to variables that have been intensely studied such as SAT CR, SAT M, SAT W, and
HSGPA.
Research Question Two
The second research question concerned whether AP's prediction of FYGPA
differs by ethnicity, gender, highest parental education level, and language groups. The
models used to investigate this research question had only the AP predictors (i.e., AP
Average, AP English, AP Calculus AB, & AP U.S. History) and the college variables
(i.e., selectivity, private vs. public status).
In the models without demographic indicators, average overprediction (-) and
underprediction (+) were computed for each student subgroup. In the models for FYGPA
outcomes, there was a consistent pattern regardless of AP predictors used—
underprediction for female, higher-SES, White, English-speaking groups, and
overprediction for male, Black, Hispanic, lower-SES, Other Language groups. On the
other hand, American Indian, Asian, and Other Ethnicity groups showed more irregular
patterns of differential prediction. For example, American Indians showed
underprediction using individual AP scores but overprediction using AP Average. Other
Ethnicity students showed underprediction using AP Calculus AB, but overprediction
using other AP predictors. Asian students showed very little differential prediction in
general, but its direction varied depending on the AP predictor used.
In the models with demographic indicators, the statistical significance of the
slopes as well as intercepts could be tested. Using AP Average as the predictor, male,
Black, Hispanic, Other Ethnicity, and Other Language groups needed lower intercepts.
These groups had been consistently overpredicted in the models without demographic
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indicators. With regard to slope bias, male, Asian, and Hispanic groups needed a gentler,
a steeper, and a gentler degree of slopes respectively in the model for transformed
FYGPA, whereas these effects were not shown for untransformed outcome. Other
Language group needed gentler slopes for both outcomes.
Using AP English as the predictor, male, Black, Hispanic, and lower-SES groups
needed lower intercepts for both FYGPA outcomes. Additionally, Black and Hispanic
groups needed steeper slopes than the reference group for untransformed FYGPA but not
for transformed outcome. Using AP Calculus AB as the predictor, male and lower-SES
groups needed lower intercepts for transformed outcome, and only the lower-SES group
needed a lower intercept for untransformed outcome. Possibly due to a smaller sample
size taking the Calculus AB exam, the models might not have had much power to reveal
significance of some indicators. Using AP U.S. History as the predictor, male, Black,
Hispanic, Other Ethnicity, and lower-SES groups needed lower intercepts for both
FYGPA outcomes. The American Indian group did not have any intercept or slope bias,
and the Asian group did not have any intercept bias in any of the models for transformed
and untransformed FYGPA. The somewhat inconsistent pattern of over- and
underprediction in the models without demographic indicators for these groups, therefore,
could be the result of sampling noise.
Research Question Three
The third research question concerned whether AP's prediction of FYGPA differs
by ethnicity, gender, highest parental education level, and language groups controlling for
other predictors (SAT, HSGPA, & high school variables). In the models without
demographic indicators, average overprediction (-) and underprediction were smaller in
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size compared to the results for the second research question. The consistent pattern
across AP predictors was that the two outcomes were underpredicted for female,
American Indian, White, and higher-SES groups, and overpredicted for male, Asian,
higher-SES, and Other Language groups. The amount of underprediction was large for
Other Ethnicity using AP Calculus AB, while using other predictors, this group was
generally overpredicted. There was also minimal differential prediction for the Englishspeaking group.
In the models with demographic indicators, the slope as well as intercept biases
could be investigated. Using AP Average as the predictor, male, Black, Hispanic, and
lower-SES groups needed lower intercepts for both outcomes. Other Ethnicity needed a
lower intercept in the model for the transformed FYGPA, but not for untransformed
FYGPA, The group speaking other languages needed a lower intercept in the model for
untransformed FYGPA, but not for transformed FYGPA. The Hispanic group needed a
gentler slope in the model for transformed FYGPA.
Using AP English as the predictor, male, Black, Hispanic, and lower-SES groups
needed lower intercepts for both FYGPA outcomes. Additionally, Hispanic group needed
a lower intercept and a steeper slope than the reference group for untransformed FYGPA.
Black students also needed a steeper slope for untransformed FYGPA. Using AP
Calculus AB predictor, lower intercept biases were found for lower-SES group in both
outcomes. Using AP U.S. History predictor, male, Black, and lower-SES groups needed
lower intercepts for both FYGPA outcomes. In addition, Hispanic students needed a
lower intercept to predict untransformed FYGPA.
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Research Question Four
The fourth research question concerned whether AP's prediction of the secondyear retention differs by ethnicity, gender, highest parental education level, and language
groups. The models used to investigate this research question had only the AP predictors
(i.e., AP Average, AP English, AP Calculus AB, & AP U.S. History) and the college
variables (i.e., selectivity, private vs. public status).
The pattern of average differential prediction for the retention rate was different
from the pattern for FYGPA. There was very little differential prediction for either
gender by most of the AP predictors. An exception was AP Calculus AB: When this AP
variable was used, there was a small underprediction for males (0.01) and overprediction
for females (-0.02). In addition, Asian, Black, and Other Language groups were
somewhat underpredicted and Hispanic, White, and lower-SES groups overpredicted.
Retention rate was overpredicted for American Indian students using all but AP English
predictor. Other Ethnicity experienced very small differential prediction in general, but
there was small (0.02) underprediction using AP Calculus AB variable.
In the models with demographic indicators, there were no differentially predicted
student subgroups using AP Calculus AB predictor. Asian students needed a more
elevated intercept using AP Average, AP English, and AP U.S. History predictors. In
addition, lower-SES students displayed lower intercept biases using AP Average and AP
U.S. History predictors. Lastly, using the AP Average predictor, students who spoke
other languages had a negative slope bias.
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Research Question Five
The fifth research question concerned whether AP's prediction of the second-year
retention differs by ethnicity, gender, highest parental education level, and language
groups controlling for other achievement and high school variables. In models without
demographic indicators, AP Calculus AB was not a statistically significant predictor.
Using all the other AP variables, there was very little differential prediction for either
gender, Other Ethnicity, White, higher-SES, and English-speaking groups. There was
overprediction for American Indian, Hispanic, and lower-SES students, and
underprediction for Asian, Black, and Other Language students.
In models with demographic indicators, AP English and AP Calculus AB turned
out to be insignificant predictors. Using AP Average, Asian and Black students had
positive intercept biases, while lower-SES students had a negative intercept bias. In
addition, students who spoke other languages had a negative slope bias. Lastly, with AP
U.S. History predictor, Asian students had a positive intercept bias.
Research Question Six
The sixth research question compared the similarities and differences of
differential prediction results using HLM vs. linear regression or HNLM vs. logistic
regression. In these comparisons, all the achievement and high school variables were
included for modeling. The results for models without demographic indicators mostly
coincided using regression and HLM for FYGPA outcomes. The size of differential
prediction was comparable using the two methods. When the size of differential
prediction was small, sometimes the direction of differential prediction diverged between
the two methods. An example is AP Average predicting transformed FYGPA for Other
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Ethnicity (-0.01 using regression vs. 0.01 using HLM). Another example is AP Average
predicting untransformed FYGPA for Asian students. The comparison of HNLM and
logistic regression without demographic variables showed similar results across the two
methods. One notable difference between the two methods was the lack of statistical
significance of AP Calculus AB variable using HNLM.
The results using the hierarchical and non-hierarchical models were more variable
when the significance of demographic indicators and their interactions with the AP
variables were tested. Although most of the results agreed, some coefficients that were
found statistically significant in one method were not in another. For example, for
transformed FYGPA outcome and AP Average predictor, Asian group had a negative
intercept bias by regression but not by HLM, while lower-SES and Other Ethnicity had
negative intercept biases by HLM but not by regression. For transformed FYGPA and AP
English, Hispanic group needed a lower intercept by regression but not by HLM, while
lower-SES group needed a lower intercept by HLM but not by regression. The pattern
that was more consistent across methods was negative intercept biases for male, Black,
Hispanic, Other Language, and lower-SES groups. Lastly, for predicting second-year
retention, AP English was not a statistically significant predictor in either HNLM or
logistic regression. AP Calculus AB was not a statistically significant predictor in HNLM
method, while it was in logistic regression. The significant intercepts and slopes for the
demographic groups perfectly agreed for both methods in the prediction of the retention
rate by AP Average. In addition, Asian group had positive intercept biases using both
methods to predict retention by AP U.S. History, while the lower-SES group had a more
gradual slope using only logistic regression method.
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CHAPTER 5
DISCUSSION AND CONCLUSION
Introduction
Chapters one through four discussed why differential prediction is an important
validity issue, the extent of research devoted to the validity of AP exams, the methods for
investigating differential prediction by AP exams, and the results of the present study
examining the relationship between AP scores and college outcomes for various
demographic groups. The study was able to adjust for the unreliability of some of the
predictors (SAT CR, SAT M, & SAT W) and investigated the magnitude of differential
prediction by AP exams and the extent of intercept and slope biases. In addition, results
using single-level regression and hierarchical linear modeling were compared. This
chapter considers the implications of the differential prediction findings and connects
them to the literature review.
Overview of the Results and Connections to Existing Research
Research Question One
The first research question concerned differences across student subgroups in
some of the performance variables and the high school characteristics.
One caveat is in order. The U.S. Census Bureau (2012b) reported that there was
0.5 million more males than females attending high schools in 2007, compared to 2
million more females than males attending colleges in 2008. The slight
overrepresentation of female students in colleges has been a consistently observed since
1980, which suggests that female students, on the whole, are more interested in pursuing
post-secondary education. In the current data, there were more female (54.7%) than male
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(45.3%) students, and the proportion of males attending the most selective institutions
(17.70%) was higher than the corresponding proportion of females (16.26%). It might be
worthwhile noting that we may be comparing top 30% of males to top 35% of females,
for example. In short, male college students are less representative of their gender as a
whole. Because differential representation can introduce differences between subgroups
in regression parameters even when measurement bias is absent, the impact of the
differential representation of males and females on the assessment of differential
prediction should be pursued in future studies.
In the current analysis, males had a higher mean AP Average score than females
and more frequently attended high schools that offered more AP courses. Males
outperformed females in SAT CR and SAT M, but the two genders did not perform
differently on SAT W. Males had a lower median FYGPA and a lower median HSGPA.
This finding was generally consistent with previous studies that reported superior male
performance on the majority of AP exams and standardized tests such as the SAT and
ACT (Buck et al., 2002, Moore et al., 2012, American Association of University Women
Educational Foundation, 1998), superior female grades in all major subjects from
elementary to high school (Duckworth & Seligman, 2006; Perkins, Kleiner, Roey, &
Brown , 2004), and superior female performance in most colleges and college subjects
(Mau & Lynn, 2001; Willingham and Cole, 1997). High school sizes and second-year
retention rates did not significantly differ between the two genders.
English learner (EL) population accounts for a considerable proportion of the
undergraduate population. As Zwick (2007) pointed out, examining language status in
education research at the postsecondary level is important because the number of students
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who are immigrants or children of immigrants has increased substantially. In 2008, 3.5%
of the total undergraduate population self-reported being an ESL student, and nearly 15%
did not consider English to be their primary language (Lakin, Elliott, and Liu, 2012). In a
study of the ETS Proficiency Profile, Lakin et al. (2012) found that non-EL students
outperformed EL students in reading, writing, and critical thinking domains (medium
effect sizes) and in math (small effect size). In the current study, students who spoke only
English had a higher median FYGPA and higher mean AP average than their
counterparts. However, second-year retention rates did not differ between the language
groups. In addition, the two groups did not differ with respect to the two high school
characteristics (high school size and the mean number of AP courses offered).
It is known that Hispanic and Black students on average have lower grades and
are more likely to leave college (Bowen & Bok, 1998; Fischer, 2007). Using the National
Longitudinal Survey of Freshmen sample of 4,000 students who entered selective
colleges and universities in 1999, Fischer (2007) showed that White and Asian students
had the highest average GPAs at around 3.30, while the average GPA of Hispanic
students was 3.08 and that of Black students was 2.95. In the current study, Asian (3.16),
White (3.21) and Other (3.12) groups had significantly higher mean FYGPA on average
than Black (2.79) and Hispanic (2.83) students. Asian, Other, and White students also had
higher mean AP scores and attended schools that provided more AP courses, compared to
Hispanic and Black students. High school size did not follow the pattern of the previous
variables; Asian students tended to attend the largest schools, followed by White, Black,
Hispanic and Other students.
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Fischer (2007) showed that the difference between racial groups in retention was
small: About 95% of Asian, Black, and White students remained in their colleges or
universities by the end of the junior year, while 93.5% of Hispanic students did so. These
third-year retention rates exceed the second-year retention rates in the current study
(~91%). Moreover, Fischer's study used samples from only selective institutions, whereas
the current study used a representative sample of four-year institutions across the nation.
In the current study, the Asian (94%) students had the highest average second-year
retention rate, followed by White (91.5%), Black (90.2%), Other (91.9%), and Hispanic
(87%) students. When I investigated second-year retention rates in institutions with
varying selectivity, the retention rates of students who went to more selective institutions
tended to be higher. For example, among those who went to the most selective
institutions, 99.2 percent of Black, 97.5 percent of Asian, 94 percent of White and Other,
and 92.7 percent of Hispanic students remained for their second year. Because the dataset
contained students who had taken at least one AP exam, the sample tended to be more
able and possibly more persistent than the nation's first-time college freshmen population:
The second-year retention rate of the total sample (~91%) in this study was much higher
than that of the four-year college-bound population in 2007 (74.9%) (National Center for
Higher Education Management Systems, 2014).
Prior research has shown that first-generation students and students with
difficulties obtaining financial aid are more likely to leave college prior to graduation
(Fischer, 2007). In the current study, higher-SES students had a higher mean AP Average,
FYGPA, and second-year retention rate, and attended schools that were larger and
offered more AP courses.
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Research Question Two
The second research question concerned differential prediction in the case that the
AP variables are the sole predictors of college GPA. Studies have shown small but
consistent patterns of differential prediction of college grades by achievement test scores,
such that women typically earn higher grades than predicted by their test scores
(underprediction) and men lower than expected grades (overprediction) (Stricker, Rock,
& Burton, 1993). For example, Leonard and Jiang (1999) showed that underprediction of
female grades by SAT scores persisted even when they corrected for gender differences
in fields of study and for sample selection bias. In the current study, small but consistent
underprediction for females and overprediction for males were also found using AP as
the predictor (Table 5.1). Table 5.1 presents the summary of Appendix A for gender.
Table 5.1. Differential Prediction of FYGPA by AP for Gender
Average Residual
Female
Male
Bias
Intercept bias for male

Transformed
0.05 to 0.12
-0.13 to -0.08
Transformed
-0.25 to -0.14

Untransformed
0.04 to 0.07
-0.08 to -0.05
Untransformed
-0.17 to -0.10
(AP Average, AP English,
AP U.S. History)

Slope bias for male

-0.03
(AP Average)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. The AP variables are specified
parenthetically in the bias results if bias was found only with respect to some variables
and not others.

Some studies showed that underprediction might be explained in part by the gender
difference in self-discipline. Duckworth and Seligman (2006) found a significant selfdiscipline difference favoring females, and Stricker et al. (1993) found that when
behaviors related to self-discipline were entered into the equation, the amount of
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differential prediction was significantly reduced. Future studies can consider controlling
for self-discipline variables.
For race/ethnicity, previous findings consistently showed an overprediction of
Black and Hispanic students' grades, although the magnitude of the overprediction varied
considerably across studies and racial/ethnic groups (Young & Kobrin, 2001). In addition,
Young and Kobrin (2001) reported a more complex situation for Asian American
students, with results ranging widely from substantial overprediction to no differential
prediction to slight underprediction, and suggested adjusting for grading standards across
courses reflect underprediction rather than overprediction for this group. Future studies of
AP's differential prediction can consider controlling for grading across courses.
Using SAT CR, SAT M, SAT W, HSGPA, and a combination of these predictors,
Mattern et al. (2008) showed that African American students' FYGPA tended to be the
most overpredicted, with mean unstandardized residuals ranging from -0.21 to -0.11;
Hispanic students' mean residuals ranged from -0.08 to -0.17; White students tended to be
accurately predicted to slightly underpredicted, with mean unstandardized residuals
ranging from 0.02 to 0.03; students who stated "other" tended to be slightly overpredicted,
with mean residuals ranging from -0.03 to -0.01. Asian students' FYGPA tended to be
accurately predicted to slightly underpredicted using SAT CR, SAT W, and HSGPA with
mean residuals ranging from 0.01 to 0.04, except using SAT M (mean residual of -0.04).
American Indian students were overpredicted with mean residuals ranging from -0.16 to 0.12.
In the current study, using untransformed FYGPA as the outcome and AP as the
predictor, African American students were overpredicted with mean residuals ranging
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from -0.27 to -0.17; Hispanic students overpredicted with mean residuals ranging from 0.18 to -0.14; White students tended to be slightly underpredicted with mean residuals
ranging from 0.02 to 0.04; students who stated "other" tended to be slightly overpredicted
with mean residuals ranging from -0.05 to -0.03 using AP Average, AP English, and AP
U.S. History, but underpredicted using AP Calculus AB (mean residual of 0.18) although
in the model with demographic indicators, this "other" group indicator was not
statistically significant; Asian students' FYGPA tended to be accurately predicted to
slightly overpredicted with mean residuals ranging from -0.03 to 0.01. American Indian
students were underpredicted with mean residuals ranging from 0.01 to 0.15 using
individual AP scores and overpredicted with a mean residual of -0.04 using AP Average.
The current study also used the adjusted FYGPA that went through quantilefollowed by z-transformation within each institution to normalize the variable and also to
account for differential grading standards in different colleges and universities. The use
of transformed values was more rigorous for statistical analyses, but untransformed
values were more interpretable because they retained the original scale. In the models
with demographic indicators, sometimes more of the demographic indicators were found
significant for transformed FYGPA outcome (using AP Average), and other times more
of the demographic indicators were found significant for untransformed FYGPA outcome
(using AP English). However, the pattern of differential prediction mostly coincided
using transformed FYGPA as the outcome variable. In the models with demographic
indicators, Black and Hispanic students needed lower intercepts using AP Average, AP
English, and AP U.S. History for both transformed and untransformed outcomes. These
subgroups also needed steeper slopes for the AP English predictor. Other ethnicity
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needed lower intercepts using AP Average and AP U.S. History for both outcomes. Asian
students needed a steeper slope using AP Average for transformed FYGPA, but no
intercept biases were found for this group, suggesting the small amount of differential
prediction found in the models without demographic indicators was not a significant one.
Table 5.2 presents the summary of Appendix A for race/ethnicity.
Table 5.2. Differential Prediction of FYGPA by AP for Race/Ethnicity
Average Residual
American Indian
Asian
Black
Hispanic
Other
White
Bias
Intercept bias for Black

Intercept bias for Hispanic

Intercept bias for Other

Slope bias for Asian

Transformed
-0.04 to 0.14
-0.06 to 0.00
-0.41 to -0.31
-0.25 to -0.16
-0.09 to 0.31
0.04 to 0.06
Transformed
-0.48 to -0.21
(AP Average, AP English,
AP U.S. History)
-0.32 to -0.22
(AP Average, AP U.S.
History)
-0.14 to -0.09
(AP Average, AP U.S.
History)
0.05
(AP Average)

Untransformed
-0.04 to 0.15
-0.03 to 0.01
-0.27 to -0.17
-0.18 to -0.14
-0.05 to 0.18
0.02 to 0.04
Untransformed
-0.28 to -0.21
(AP Average, AP English,
AP U.S. History)
-0.21 to -0.15
(AP Average, AP English,
AP U.S. History)
-0.09 to -0.07
(AP Average, AP U.S.
History)

Slope bias for Black

0.11
(AP English)
Slope bias for Hispanic
-0.07
0.08
(AP Average)
(AP English)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. The AP variables are specified
parenthetically in the bias results if bias was found only with respect to some variables
and not others.
For language groups, previous findings (Mattern et al., 2008) showed using either
SAT or HSGPA that students who spoke only English were accurately predicted, while
students who spoke English and another language were overpredicted with mean
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unstandardized residuals ranging from -0.08 to -0.01, and students who spoke another
language were underpredicted with mean residuals ranging from 0.01 to 0.26. The current
study used two rather than three language groups, and it showed accurate prediction to
very small underprediction for students whose best language is English (average residuals
ranging from 0.01 to 0.02 using transformed FYGPA; 0.00 to 0.01 using untransformed
FYGPA), but the students whose best language is not English tended to be overpredicted
(average residuals of -0.23 to -0.08 using transformed FYGPA; -0.16 to -0.08 using
untransformed FYGPA). In the models with demographic indicators and AP Average, the
group whose best language is not English had slope (-0.061 for transformed FYGPA & 0.048 for untransformed) and intercept (-0.145 using transformed FYGPA & -0.110 using
untransformed) biases. The future study can use more fine-grained language groups to
study the differential prediction using AP variables. Table 5.3 presents the summary of
Appendix A for language groups
Table 5.3. Differential Prediction of FYGPA by AP for Language Groups
Average Residual
English
Non-English
Bias
Intercept bias for Non-English

Transformed
Untransformed
0.01 to 0.02
0.00 to 0.01
-0.23 to -0.08
-0.16 to -0.08
Transformed
Untransformed
-0.15
-0.11
(AP Average)
(AP Average)
Slope bias for Non-English
-0.06
-0.05
(AP Average)
(AP Average)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. The AP variables are specified
parenthetically in the bias results if bias was found only with respect to some variables
and not others.
Not many differential prediction studies focused on SES groups. In the current
study, the students whose parents earned below bachelor's degree (lower-SES) obtained
an average FYGPA of 2.870 and the higher-SES group 3.169, and the lower-SES group
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scored a mean AP Average of 2.430 and the higher-SES group 3.005. There was a
consistent pattern across AP predictors of overprediction for lower-SES group (average
residuals ranging from -0.30 to -0.12 using transformed FYGPA; -0.20 to -0.10 using
untransformed FYGPA) and underprediction for higher-SES group (average residuals
ranging from 0.01 to 0.07 using transformed FYGPA; 0.01 to 0.05 using untransformed
FYGPA). Also, in the models with demographic indicators, the lower-SES students
needed lower intercepts than their counterparts across the AP predictors and FYGPA
outcomes. Table 5.4 presents the summary of Appendix A for SES groups.
Table 5.4. Differential Prediction of FYGPA by AP for SES Groups
Average Residual
Transformed
Untransformed
Low SES
-0.30 to -0.12
-0.20 to -0.10
High SES
0.01 to 0.07
0.01 to 0.05
Bias
Transformed
Untransformed
Intercept bias for Low SES
-0.42 to -0.09
-0.27 to -0.10
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable.

Research Question Three
Breland (1979) showed that the amount of overprediction for racial minority
group was largest when high school rank in class (HSR) alone was used as a predictor,
moderate for SAT, and smallest when HSR and test scores were used as multiple
predictors. Ramist et al. (1994) and Mattern et al. (2008) showed that a combination of
SAT and HSGPA resulted in the least amount of differential prediction of FYGPA.
Therefore, the third research question investigated the amount of differential prediction
when the SAT scores, HSGPA, and other high school background variables were
controlled in the models.
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The current study replicated previous findings of reduced differential prediction
when multiple predictors were used. Specifically, for gender groups (Table 5.5), there
was 0.01 to 0.03 points difference across AP predictors between models with a single
predictor and those with multiple predictors (Compare with Table 5.1). For the models
with multiple predictors, males were overpredicted with mean residuals ranging from 0.10 to -0.09 for transformed and -0.07 to -0.03 for untransformed; females were
underpredicted with mean residuals ranging from 0.06 to 0.08 for transformed FYGPA
and 0.04 to 0.06 for untransformed FYGPA. These results are very similar to Mattern et
al. (2008) that found, using both SAT and HSGPA, average unstandardized residuals of 0.07 for males and 0.06 for females as well as average standardized residuals of -0.10 for
males and 0.09 for females. In addition, in the models with demographic indicators and
where the AP variables were statistically significant predictors of the outcomes, males
consistently needed lower intercepts of about -0.20 for transformed and about -0.13 for
untransformed outcomes.
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Table 5.5. Differential Prediction of FYGPA by AP and Other Controlling Variables for
Gender
Average Residual
Female
Male
Bias
Intercept bias for male

Transformed
Untransformed
0.06 to 0.08
0.04 to 0.06
-0.10 to -0.09
-0.07 to -0.03
Transformed
Untransformed
-0.22 to -0.19
-0.15 to -0.13
(AP Average, AP English,
(AP Average, AP English,
AP U.S. History)
AP U.S. History)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. AP Calculus AB was not a
statistically significant predictor of transformed FYGPA in the model without
demographic indicators, so its average residual result is not included in this table. The AP
variables are specified parenthetically in the bias results if bias was found only with
respect to some variables and not others. AP Calculus AB was not a statistically
significant predictor of transformed and untransformed FYGPA in the model with
demographic indicators, so its bias result is not included in this table.

For race/ethnicity (Table 5.6), using untransformed FYGPA outcome, the size of
the overprediction for African American students ranged from -0.14 to -0.02 (compared
with -0.27 to -0.17 for research question two). Similarly, the amount of overprediction for
this group was -0.11 using SAT and HSGPA predictors in Mattern et al. (2008). Hispanic
students were overpredicted with mean residuals ranging from -0.10 to -0.07 (compared
with -0.18 to -0.14 for research question two). This group was overpredicted using SAT
and HSGPA with the average unstandardized residual of -0.08 in Mattern et al. (2008).
White students tended to be accurately predicted to slightly underpredicted with mean
residuals ranging from 0.00 to 0.02 (compared with 0.02 to 0.04 for research question
two). Mattern et al. (2008) also found small underprediction for White students (average
unstandardized residual of 0.02). Students who stated "other" tended to be slightly
overpredicted with mean residuals ranging from -0.03 to -0.01 (compared with -0.05 to 0.03 for research question two) using AP Average, AP English, and AP U.S. History, but
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underpredicted using AP Calculus AB (mean residual of 0.16) although in the model with
demographic indicators and AP Calculus AB, the "other" group indicator was not
statistically significant. Similarly, this group showed slight overprediction (average
unstandardized residual of -0.01) in Mattern et al. (2008). Asian students' FYGPA tended
to be accurately predicted to slightly overpredicted with mean residuals ranging from 0.01 to 0.00 (compared with -0.03 to 0.01 for research question two). The average
unstandardized residual for the Asian group was 0.02 using two predictors (SAT &
HSGPA) in Mattern et al. (2008). American Indian students were underpredicted with
mean residuals ranging from 0.05 to 0.16. The amount of differential prediction was not
particularly reduced for this group compared to the results for research question two,
possibly due to a smaller sample size for this group. In addition, this group was
overpredicted (average residual of -0.12) using SAT and HSGPA in Mattern et al. (2008).
Table 5.6. Differential Prediction of FYGPA by AP and Other Controlling Variables for
Race/Ethnicity
Average Residual
American Indian
Asian
Black
Hispanic
Other
White
Bias
Intercept bias for Black

Intercept bias for Hispanic

Intercept bias for Other

Transformed
0.10 to 0.23
-0.02 to -0.01
-0.18 to -0.10
-0.12 to -0.07
-0.05 to 0.01
0.02 to 0.03
Transformed
-0.21 to -0.11
(AP Average, AP English,
AP U.S. History)
-0.18
(AP Average)

Untransformed
0.05 to 0.16
-0.01 to 0.00
-0.14 to -0.02
-0.10 to -0.07
-0.03 to 0.16
0.00 to 0.02
Untransformed
-0.13 to -0.12
(AP Average, AP English,
AP U.S. History)
-0.12 to -0.08
(AP Average, AP English,
AP U.S. History)

-0.09
(AP Average)

Slope bias for Black

0.09
(AP English)
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Slope bias for Hispanic

-0.06
0.05
(AP Average)
(AP English)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. AP Calculus AB was not a
statistically significant predictor of transformed FYGPA in the model without
demographic indicators, so its average residual result is not included in this table. The AP
variables are specified parenthetically in the bias results if bias was found only with
respect to some variables and not others. In the bias results, AP Calculus AB was not a
statistically significant predictor of transformed and untransformed FYGPA, so its results
are not included in this table.

The current study also used transformed FYGPA. The pattern of differential
prediction mostly coincided with the findings of Mattern et al. (2008) that used SAT and
HSGPA as the predictors of FYGPA. For example, the amount of overprediction for
African American students ranged from -0.18 to -0.10 in the current study. In Mattern et
al. (2008), the average standardized residuals for this group was -0.17 using both SAT
and HSGPA predictors. In addition, the amount of overprediction for Hispanic students
ranged from -0.12 to -0.07 in the current study, while in Mattern et al. (2008), the average
standardized residual was -0.12. In the models with demographic indicators, Black
students needed lower intercepts using three of the AP predictors, while Hispanic and
Other students needed them using AP Average for transformed outcome.
For language groups, previous findings (Mattern et al., 2008) showed using both
SAT and HSGPA that students who spoke only English were accurately predicted, while
students who spoke English and another language were slightly overpredicted with mean
unstandardized residual of -0.02 (mean standardized residual of -0.03), and students who
spoke another language were underpredicted with mean unstandardized residual of 0.19
(mean standardized residual of 0.30). The current study showed accurate prediction to
very small underprediction for students whose best language is English but the students
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whose best language is not English tended to be overpredicted (Table 5.7). In the models
with demographic indicators and AP Average, the group whose best language is not
English had an intercept bias (-0.046 using untransformed FYGPA).
Table 5.7. Differential Prediction of FYGPA by AP and Other Controlling Variables for
Language Groups
Average Residual
English
Non-English
Bias
Intercept bias for Non-English

Transformed
0.00 to 0.01
-0.07 to -0.03
Transformed

Untransformed
0.00
-0.06 to -0.02
Untransformed
-0.05
(AP Average)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. AP Calculus AB was not a
statistically significant predictor of transformed FYGPA in the model without
demographic indicators, so its average residual result is not included in this table. The AP
variables are specified parenthetically in the bias results if bias was found only with
respect to some variables and not others. AP Calculus AB was not a statistically
significant predictor of transformed and untransformed FYGPA in the model with
demographic indicators, so its bias result is not included in this table.

For SES groups, there was a consistent pattern across AP predictors of
overprediction for lower-SES group and underprediction for higher-SES group (Table
5.8), the sizes of which were smaller than when AP variables were used as the sole
predictors. Similar to the models with only AP variables as the predictors, the lower-SES
students needed lower intercepts than their counterpart across the AP predictors and
FYGPA outcomes.

156

Table 5.8. Differential prediction of FYGPA by AP and Other Controlling Variables for
SES Groups
Average Residual
Low SES
High SES
Bias
Intercept bias for Low SES

Transformed
Untransformed
-0.08 to -0.04
-0.14 to -0.06
0.00 to 0.02
0.01 to 0.03
Transformed
Untransformed
-0.12 to -0.09
-0.08 to -0.05
(AP Average, AP English, (AP Average, AP English,
AP U.S. History)
AP U.S. History)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. AP Calculus AB was not a
statistically significant predictor of transformed FYGPA in the model without
demographic indicators, so its average residual result is not included in this table. The AP
variables are specified parenthetically in the bias results if bias was found only with
respect to some variables and not others. AP Calculus AB was not a statistically
significant predictor of transformed and untransformed FYGPA outcomes in the model
with demographic indicators, so its bias result is not included in this table.

Research Question Four
Given that students can graduate only if they are retained early on, retention rates
have been one of the most analyzed outcomes in higher education research (Jamalske,
2009). The national second-year retention rate for the four-year public university students
using the ACT database was 70.5% in 2007, and that for the four-year private university
students was 70.2% (Jamalske, 2009). The current study only included students who took
AP exams, and these students demonstrated a 91.3% second-year retention rate. Studies
have shown that previous academic records and engagement positively predict secondyear retention (Lotkowski, Robbins, & Noeth, 2004; McClenney & Marti, 2006; National
Survey of Student Engagement (NSSE), 2010). For example, Lotkowski et al. (2004)
found that the academic factors of HSGPA, ACT scores, and SES had a positive
relationship to college retention, and that the overall relationship to college retention was
strongest when SES, HSGPA, and ACT scores were combined with institutional
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commitment, academic goals, social support, academic self-confidence, and social
involvement. Similarly, NSSE (2010) showed that there was a positive relationship
between persistence rates and rigorous coursework, perception of their campus as a
supportive environment, and enriching educational experiences. However, there is a lack
of research on differential prediction of students' second-year retention.
Smith (1995) found that female students were more likely to persist than male
students regardless of their years of study. However, in the sample used for the current
study, there was no statistically significant difference in retention rates between male
students (91.7%) and female students (91.0%). The differential prediction results for the
fourth research question were derived using only AP as the level-1 predictor. Here,
females' and males' second-year retention rates were accurately predicted for all AP
predictors except AP Calculus AB (Table 5.9). Using the latter variable, females' were
slightly overpredicted (average residual of -0.02) and males' slightly underpredicted
(average residual of 0.01). In the models with demographic indicators, there was no
gender bias for second-year retention rate.
Table 5.9. Differential Prediction of Second-Year Retention by AP for Gender
Average Residual
Second-year Retention
Female
-0.02 to 0.00
Male
-0.00 to 0.01
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable.

Regarding race and ethnicity, Smith (1995) found that after the second year,
relatively lower retention rates were observed for Blacks (59%), Hispanics (62%), and
American Indians (54%), whereas Other Ethnicity groups enjoyed 71% retention rate. In
the current study, Black (90.2%) and Hispanic (87.4%) students' second-year retention
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rates were quite high. White students' retention rate was slightly higher (91.5%), and
Asian students' retention rate was the highest (94.0%). The second-year retention rate of
those who designated themselves as "other" ethnicities was 91.9%. In terms of
differential prediction, Asian students were consistently underpredicted as well as Black
(Table 5.10). Hispanic students were overpredicted. White and Other students tended to
be accurately predicted. American Indian students' trend was not consistent
(overprediction with average residuals ranging from -0.03 to -0.11 using AP Average, AP
Calculus AB, AP U.S. History, and underprediction with an average residual of 0.06
using AP English). In the models with demographic indicators, Asian status had positive
intercept biases using AP Average, AP English, and AP U.S. History.
Table 5.10. Differential Prediction of Second-Year Retention by AP for Race/Ethnicity
Average Residual
American Indian
Asian
Black
Hispanic
Other
White
Bias
Intercept bias for Asian

Second-year Retention
-0.11 to 0.06
0.02 to 0.03
0.00 to 0.06
-0.04 to -0.02
-0.00 to 0.02
-0.01 to -0.00
Second-year Retention
0.39 to 0.55
(AP Average, AP English, AP U.S. History)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. The AP variables are specified
parenthetically in the bias results if bias was found only with respect to some variables
and not others.
In terms of SES, the higher-SES students were accurately predicted, and the
lower-SES students were overpredicted (Table 5.11). Using AP Average and AP U.S.
History, the lower-SES group also had negative intercept biases.
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Table 5.11. Differential Prediction of Second-Year Retention by AP for SES Groups
Average Residual
Low SES
High SES
Bias
Intercept bias for Low SES

Second-year Retention
-0.04 to -0.01
0.00
Second-year Retention
-0.34 to -0.20
(AP Average, AP U.S. History)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. The AP variables are specified
parenthetically in the bias results if bias was found only with respect to some variables
and not others.
Lastly, in terms of language spoken, the English-speaking group tended to be accurately
predicted and the group speaking other languages was accurately predicted to slightly
underpredicted (Table 5.12). There was a negative slope bias for the Non-English group.
It should be noted that in general, the amount of differential prediction for the secondyear retention was small although direct comparisons of the magnitudes of differential
prediction for FYGPA and retention are difficult because one is a continuous variable
taking on values between 0 and 4 (in case of untransformed FYGPA) whereas the other is
a proportion.
Table 5.12. Differential Prediction of Second-Year Retention by AP for Language Groups
Average Residual
English
Non-English
Bias
Slope bias for Non-English

Second-year Retention
-0.00
0.00 to 0.01
Second-year Retention
-0.24
(AP Average)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. The AP variables are specified
parenthetically in the bias results if bias was found only with respect to some variables
and not others.

160

Research Question Five
The fifth research question asks how AP together with SAT, HSGPA, and high
school variables differentially predict the second-year retention of student subgroups.
Similar to the differential prediction results using only the AP predictors, females' and
males' second-year retention rates tended to be accurately predicted for all AP predictors
except AP Calculus AB (Table 5.13). AP Calculus AB was not a statistically significant
predictor of the retention rates throughout models. AP English was not a statistically
significant predictor in the model with demographic indicators.
Table 5.13. Differential Prediction of Second-Year Retention by AP and Other
Controlling Variables for Gender
Average Residual
Second-year Retention
Female
0.00
Male
-0.00
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. AP Calculus AB was not a
statistically significant predictor, so its average residual result is not included in this table.
Regarding race and ethnicity (Table 5.14), Asian students were consistently
underpredicted as well as Black. Hispanic students were slightly overpredicted as well as
American Indian. White and Other students tended to be accurately predicted. In the
models with demographic indicators, Asian status had positive intercept biases using AP
Average and AP U.S. History, similar to the results for the fourth research question.
Controlling for other variables, Black students also had a positive intercept bias using AP
Average.
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Table 5.14. Differential Prediction of Second-Year Retention by AP and Other
Controlling Variables for Race/Ethnicity
Average Residual
American Indian
Asian
Black
Hispanic
Other
White
Bias
Intercept bias for Asian

Second-year Retention
-0.06 to -0.02
0.02 to 0.03
0.01 to 0.02
-0.02 to -0.01
0.00
-0.00
Second-year Retention
0.36 to 0.40
(AP Average, AP U.S. History)
Intercept bias for Black
0.33
(AP Average)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. AP Calculus AB was not a
statistically significant predictor in the models without demographic indicators, so its
average residual result is not included in this table. The AP variables are specified
parenthetically in the bias results if bias was found only with respect to some variables
and not others. AP Calculus AB and AP English were not statistically significant
predictors in the models with demographic indicators, so their bias results are not
included in this table.

In terms of SES (Table 5.15), the higher-SES students were accurately predicted,
and the lower-SES students were slightly overpredicted with average residuals ranging
from -0.02 to -0.01. Using AP Average, the lower-SES group had a negative intercept
bias. Lastly, in terms of language spoken (Table 5.16), the English-speaking group tended
to be accurately predicted and the group speaking other languages was underpredicted
(average residuals ranging from 0.01 to 0.02). There was a negative slope bias for Other
Language group using AP Average.
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Table 5.15. Differential Prediction of Second-Year Retention by AP and Other
Controlling Variables for SES Groups
Average Residual
Low SES
High SES
Bias
Intercept bias for Low SES

Second-year Retention
-0.02 to -0.01
0.00
Second-year Retention
-0.28
(AP Average)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. AP Calculus AB was not a
statistically significant predictor in the models without demographic indicators, so its
average residual result is not included in this table. The AP variables are specified
parenthetically in the bias results if bias was found only with respect to some variables
and not others. AP Calculus AB and AP English were not statistically significant
predictors in the models with demographic indicators, so their bias results are not
included in this table.

Table 5.16. Differential Prediction of Second-Year Retention by AP and Other
Controlling Variables for Language Groups
Average Residual
English
Non-English
Bias
Slope bias for Non-English

Second-year Retention
-0.00
0.01 to 0.02
Second-year Retention
-0.21
(AP Average)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. AP Calculus AB was not a
statistically significant predictor in the models without demographic indicators, so its
average residual result is not included in this table. The AP variables are specified
parenthetically in the bias results if bias was found only with respect to some variables
and not others. AP Calculus AB and AP English were not statistically significant
predictors in the models with demographic indicators, so their bias results are not
included in this table.

Research Question Six
The sixth research question compared the similarities and differences of the
differential prediction results using HLM vs. linear regression or HNLM vs. logistic
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regression. In this comparison, all the achievement and high school variables as well as
the college-level variables such as institutional selectivity and private/public status were
controlled in both regression and hierarchical models. The results for the models without
demographic indicators mostly coincided using regression and HLM for the FYGPA
outcomes. In the models with demographic indicators, regression models tended to find
slightly more demographic indicators to be significant than hierarchical models. In terms
of gender, males were overpredicted and females underpredicted across outcomes and
methods (Table 5.17). In addition, males had negative intercept biases across methods,
outcomes, and AP predictors except AP Calculus AB which was found to be sometimes
not significant.
Table 5.17. Comparison between HLM and Linear Regression on Differential Prediction
of FYGPA by AP and Other Controlling Variables for Gender
Average Residual

Transformed
HLM
Regression
0.06 to 0.08
0.06 to 0.08
-0.10 to -0.09
-0.10 to -0.06
Transformed
HLM
Regression

Untransformed
HLM
Regression
Female
0.04 to 0.06
0.04 to 0.05
Male
-0.07 to -0.03
-0.07 to -0.04
Bias
Untransformed
HLM
Regression
Intercept bias for
-0.15 to -0.13
-0.14 to -0.13
-0.22 to -0.19
male
(AP Average,
(AP Average,
(AP Average,
-0.22 to -0.17
AP English,
AP English,
AP English, AP
AP U.S.
AP U.S.
U.S. History)
History)
History)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. AP Calculus AB was not a
statistically significant predictor of transformed FYGPA in the HLM model without
demographic indicators, so its average residual result is not included in this table. The AP
variables are specified parenthetically in the bias results if bias was found only with
respect to some variables and not others. AP Calculus AB was not a statistically
significant predictor of transformed and untransformed FYGPA in the HLM model with
demographic indicators, so its bias result is not included in this table.
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In terms of ethnicity, American Indian and White students tended to be
underpredicted whereas Asian, Hispanic and Black students overpredicted throughout
models and outcomes (Table 5.18). Other Ethnicity tended to be slightly overpredicted
using all AP predictors but AP Calculus AB. Excluding AP Calculus AB, Other students’
average residuals ranged from -0.05 to -0.01 for transformed FYGPA using the
regression; -0.05 to 0.01 using transformed FYGPA and HLM; -0.04 to -0.01 using
untransformed FYGPA and regression; and -0.03 to -0.01 using untransformed FYGPA
and HLM. With the AP Calculus AB variable, Other Ethnicity students were grossly
underpredicted with average residuals ranging from 0.16 to 0.29. One of the reasons is
that the mean AP Calculus AB score of Other Ethnicity group (3.53) was lower than the
mean AP Calculus AB score of the whole AP Calculus AB sample (3.63), while this
group's average FYGPA (3.46) was higher than the average FYGPA of the sample (3.26).
The reverse pattern was true for the other three samples: The mean AP predictor scores of
Other Ethnicity group were higher than the averages, and the mean outcomes of this
group were lower than the averages, leading to overprediction by using these particular
predictors. Using transformed FYGPA and HLM, I found that AP Calculus AB was not a
statistically significant predictor, so the large underprediction found for this group (0.26)
is not recorded in Table 5.18.
In the models with demographic indicators, Asian students had negative intercept
biases using the regression method across FYGPA outcomes and AP predictors except
AP Calculus AB. Black students had negative intercept biases using both methods across
FYGPA outcomes and AP predictors except AP Calculus AB, as well as a negative slope
bias using transformed FYGPA and AP Average and a positive slope bias using
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untransformed FYGPA and AP English. Hispanic students had negative intercept biases
as well as negative slope biases using transformed FYGPA and AP Average. Other
Ethnicity students occasionally had negative intercept biases using the AP Average and
AP U.S. History predictors.
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Table 5.18. Comparison between HLM and Linear Regression on Differential Prediction
of FYGPA by AP and Other Controlling Variables for Race/Ethnicity
Average Residual

Transformed
HLM
Regression
0.10 to 0.23
0.08 to 0.19
-0.02 to -0.01
-0.05 to -0.03
-0.18 to -0.10
-0.24 to -0.11
-0.12 to -0.07
-0.10 to -0.06
-0.05 to 0.01
-0.05 to 0.29
0.02 to 0.03
0.01 to 0.03
Transformed
HLM
Regression
-0.08
(AP Average,
AP English, AP
U.S. History)
-0.21 to -0.11
-0.30 to -0.18
(AP Average,
(AP Average,
AP English,
AP English, AP
AP U.S.
U.S. History)
History)

Untransformed
HLM
Regression
American Indian
0.05 to 0.16
0.03 to 0.19
Asian
-0.01 to 0.00
-0.03 to -0.01
Black
-0.14 to -0.02
-0.16 to -0.06
Hispanic
-0.10 to -0.07
-0.14 to -0.07
Other
-0.03 to 0.16
-0.04 to 0.18
White
0.00 to 0.02
0.01 to 0.03
Bias
Untransformed
HLM
Regression
Intercept bias for
-0.07 to -0.05
Asian
(AP Average,
AP English, AP
U.S. History)
Intercept bias for
-0.13 to -0.12
-0.18 to -0.15
Black
(AP Average,
(AP Average,
AP English,
AP English, AP
AP U.S.
U.S. History)
History)
Intercept bias for
-0.12 to -0.08
-0.17 to -0.08
-0.16 to -0.13
Hispanic
(AP Average,
-0.18
(AP Average,
(AP Average,
AP English,
(AP Average) AP English, AP
AP English, AP
AP U.S.
U.S. History)
U.S. History)
History)
Intercept bias for
-0.07 to -0.05
Other
-0.09
(AP Average,
(AP Average)
AP U.S.
History)
Slope bias for
-0.08
0.09
0.09
Black
(AP Average)
(AP English)
(AP English)
Slope bias for
-0.06
-0.09
0.05
Hispanic
(AP Average)
(AP Average)
(AP English)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. AP Calculus AB was not a
statistically significant predictor of transformed FYGPA in the HLM model without
demographic indicators, so its average residual result is not included in this table. The AP
variables are specified parenthetically in the bias results if bias was found only with
respect to some variables and not others. AP Calculus AB was not a statistically
significant predictor of transformed and untransformed FYGPA in the HLM model with
demographic indicators, so its bias result is not included in this table.
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In terms of SES, the higher-SES students were accurately predicted to slightly
underpredicted, and the lower-SES students were overpredicted (Table 5.19). In the
models with demographic indicators, the lower-SES group had negative intercept biases
across AP predictors often using both methods.
Table 5.19. Comparison between HLM and Linear Regression on Differential Prediction
of FYGPA by AP and Other Controlling Variables for SES Groups
Average Residual
Low SES
High SES
Bias
Intercept bias for
Low SES

Transformed
HLM
Regression
-0.08 to -0.04 -0.19 to -0.02
0.00 to 0.02
0.00 to 0.05
Transformed
HLM
Regression
-0.12 to -0.09
-0.27 to -0.06
(AP Average,
(AP Calculus
AP English,
AB, AP U.S.
AP U.S.
History)
History)

Untransformed
HLM
Regression
-0.14 to -0.06
-0.14 to -0.07
0.01 to 0.03
0.01 to 0.04
Untransformed
HLM
Regression
-0.08 to -0.05
(AP Average,
AP English, AP
U.S. History)

-0.08 to -0.04
(AP Average,
AP English, AP
U.S. History)

Slope bias for
0.04
Low SES
(AP Average)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. AP Calculus AB was not a
statistically significant predictor of transformed FYGPA in the HLM model without
demographic indicators, so its average residual result is not included in this table. The AP
variables are specified parenthetically in the bias results if bias was found only with
respect to some variables and not others. AP Calculus AB was not a statistically
significant predictor of transformed and untransformed FYGPA in the HLM model with
demographic indicators, so its bias result is not included in this table.
In terms of languages spoken, the English-speaking group was accurately
predicted, while the group speaking other languages was overpredicted (Table 5.20). In
the models with demographic indicators, the group speaking other languages had
negative intercept biases using untransformed FYGPA and AP Average by both methods.
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Table 5.20. Comparison between HLM and Linear Regression on Differential Prediction
of FYGPA by AP and Other Controlling Variables for Language Groups
Average Residual

Transformed
HLM
Regression
-0.00 to 0.01
0.00 to 0.01
-0.07 to -0.03
-0.09 to -0.01
Transformed
HLM
Regression

Untransformed
HLM
Regression
English
0.00
0.00 to 0.01
Non-English
-0.06 to -0.02
-0.09 to -0.02
Bias
Untransformed
HLM
Regression
Intercept bias for
-0.05
-0.05
Non-English
(AP Average)
(AP Average)
Slope bias for
-0.03
Non-English
(AP Average)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. AP Calculus AB was not a
statistically significant predictor of transformed FYGPA in the HLM model without
demographic indicators, so its average residual result is not included in this table. The AP
variables are specified parenthetically in the bias results if bias was found only with
respect to some variables and not others. AP Calculus AB was not a statistically
significant predictor of transformed and untransformed FYGPA in the HLM model with
demographic indicators, so its bias result is not included in this table.

Lastly, the second-year retention of the two gender groups was accurately
predicted using both methods (Table 5.21). AP Calculus AB was not a statistically
significant predictor of second-year retention in the HNLM model. Using AP Calculus
AB in logistic regression, the females' retention rate was somewhat overpredicted with an
average residual of -0.01, while males' retention rate was underpredicted with an average
residual of 0.01.
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Table 5.21. Comparison between HNLM and Logistic Regression on Differential
Prediction of Second-Year Retention by AP and Other Controlling Variables for Gender
Average Residual

Second-year Retention
HNLM
Logistic Regression
Female
0.00
-0.01 to 0.00
Male
-0.00
-0.00 to 0.01
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. AP Calculus AB was not a
statistically significant predictor in HNLM, so its average residual result is not included
in this table.
Regarding race/ethnicity, American Indian and Hispanic students' retention rate
was overpredicted with average residuals (Table 5.22). Asian and Black students'
retention rates were underpredicted using both methods. Other Ethnicity students were
accurately predicted to slightly underpredicted using both methods. White students'
retention rate was accurately predicted to slightly overpredicted by both methods. In the
models with demographic indicators, Asian students had positive intercept biases using
AP Average and AP U.S History in both methods. Black students had positive intercept
biases using AP Average in both methods.
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Table 5.22. Comparison between HNLM and Logistic Regression on Differential
Prediction of Second-Year Retention by AP and Other Controlling Variables for
Race/Ethnicity
Average Residual

Second-year Retention
HNLM
Logistic Regression
American Indian
-0.06 to -0.02
-0.11 to -0.03
Asian
0.02 to 0.03
0.02 to 0.03
Black
0.01 to 0.02
0.03 to 0.08
Hispanic
-0.02 to -0.01
-0.03 to -0.01
Other
0.00
0.00 to 0.02
White
-0.00
-0.01 to -0.00
Bias
Second-year Retention
HNLM
Logistic Regression
Intercept bias for Asian
0.36 to 0.40
0.31 to 0.40
(AP Average, AP U.S.
(AP Average, AP U.S.
History)
History)
Intercept bias for Black
0.33
0.37
(AP Average)
(AP Average)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. AP Calculus AB was not a
statistically significant predictor in HNLM that does not include demographic indicators,
so its average residual result is not included in this table. The AP variables are specified
parenthetically in the bias results if bias was found only with respect to some variables
and not others. AP Calculus AB and AP English were not statistically significant
predictors in logistic regression and HNLM models with demographic indicators, so their
bias results are not included in this table.
Regarding SES, the lower-SES group's retention rate was overpredicted and the
higher-SES group's retention rate was accurately predicted (Table 5.23). In the models
with demographic indicators, the lower-SES group had negative intercept biases using
AP Average in both methods, and a negative intercept bias using AP U.S. History in
logistic regression.
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Table 5.23. Comparison between HNLM and Logistic Regression on Differential
Prediction of Second-Year Retention by AP and Other Controlling Variables for SES
Groups
Average Residual

Second-year Retention
HNLM
Logistic Regression
Low SES
-0.02 to -0.01
-0.02 to -0.01
High SES
0.00
0.00
Bias
Second-year Retention
HNLM
Logistic Regression
Intercept bias for Low SES
-0.29 to -0.21
-0.28
(AP Average, AP U.S.
(AP Average)
History)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. AP Calculus AB was not a
statistically significant predictor in HNLM that does not include demographic indicators,
so its average residual result is not included in this table. The AP variables are specified
parenthetically in the bias results if bias was found only with respect to some variables
and not others. AP Calculus AB and AP English were not statistically significant
predictors in logistic regression and HNLM models with demographic indicators, so their
bias results are not included in this table.
Regarding languages spoken, the English-speaking group was accurately
predicted, whereas the group speaking other languages was underpredicted with average
residuals ranging from 0.01 to 0.02 using the logistic regression and HNLM. The group
speaking languages other than English had negative slope biases using AP Average by
both methods.
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Table 5.24. Comparison between HNLM and Logistic Regression on Differential
Prediction of Second-Year Retention by AP and Other Controlling Variables for
Language Groups
Average Residual

Second-year Retention
HNLM
Logistic Regression
English
-0.00
-0.00
Non-English
0.01 to 0.02
0.01 to 0.02
Bias
Second-year Retention
HNLM
Logistic Regression
Slope bias for Non-English
-0.21
-0.23
(AP Average)
(AP Average)
Note. Most entries are expressed as ranges because the precise value of the average
residual or parameter bias depends on the AP variable. AP Calculus AB was not a
statistically significant predictor in HNLM that does not include demographic indicators,
so its average residual result is not included in this table. The AP variables are specified
parenthetically in the bias results if bias was found only with respect to some variables
and not others. AP Calculus AB and AP English were not statistically significant
predictors in logistic regression and HNLM models with demographic indicators, so their
bias results are not included in this table.
Key Findings
(1) The use of transformed values was more rigorous for statistical analyses, but
untransformed values were more interpretable because they retained the original scale. In
the models without demographic indicators, the differential prediction results for
transformed and untransformed outcomes were similar.
(2) Including demographic indicators allows one to conduct statistical significance tests
of different intercepts and slopes for student subgroups. There were similarities but also
discrepancies across the FYGPA outcomes regarding statistically significant
demographic indicators. Sometimes more of the demographic indicators were found
significant for transformed FYGPA outcome (using AP Average & AP Calculus AB),
and other times more of the demographic indicators were found significant for
untransformed FYGPA outcome (using AP English & AP U. S. History). There were also
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discrepancies across AP predictors which student subgroup displayed intercept and slope
biases. In general, for both transformed and untransformed FYGPA outcomes, more
statistically significant differences were found for AP variables that had larger sample
sizes. Mostly, the results for intercept biases coincided the results that did not have
demographic indicators. Including demographic indicators additionally allows for testing
slope differences, and slope biases were observed for some subgroups.
(3) Including the SAT, HSGPA, and high school variables reduced the amount of
differential prediction for FYGPA outcomes. There were fewer statistically significant
intercept/slope biases in the models that included these additional variables.
(4) Although it is not feasible to compare the amount of differential prediction between
FYGPA and second-year retention because of different scales, there was in general small
amount of differential prediction for second-year retention. The models with
demographic indicators made it possible to conduct statistical significance tests. There
were fewer intercept and slope biases for second-year retention than FYGPA outcomes.
(5) The average residual results mostly coincided using hierarchical and regression
models. In the models with demographic indicators, regression models tended to find
slightly more demographic indicators to be significant than hierarchical models.
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APPENDICES
APPENDIX A
TABLES FOR RESEARCH QUESTION TWO
Table A.1. Average Overprediction (-) and Underprediction (+) of FYGPA by AP
Average, SAT, and HSGPA
N
Gender
Ethnicity

SES
Language
Total

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

8691
7209
75
1854
715
1464
508
11284
1364
14536
1047
14853
15900

AP Average
TR
UTR
0.10
0.07
-0.13
-0.08
-0.04
-0.04
-0.01
0.00
-0.32
-0.21
-0.25
-0.18
-0.03
-0.03
0.06
0.04
-0.15
-0.13
0.01
0.01
-0.23
-0.16
0.02
0.01
0
0
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SAT
TR
UTR
0.12 0.09
-0.15 -0.10
-0.00 -0.01
-0.03 -0.01
-0.14 -0.11
-0.09 -0.08
-0.03 -0.03
0.03 0.02
-0.01 -0.02
0.00 0.00
-0.02 -0.03
0.00 0.00
0
0

HSGPA
TR
UTR
0.05 0.04
-0.06 -0.05
0.06 0.03
0.03 0.03
-0.40 -0.26
-0.27 -0.19
-0.00 -0.01
0.05 0.04
-0.25 -0.19
0.02 0.02
-0.18 -0.12
0.01 0.01
0
0

Table A.2. Fixed Effects for the Models Using AP Average to Predict FYGPA
Transformed FYGPA
Coefficient
SE
t Ratio
0.248
0.020
12.120
-0.190
0.028
-6.756

Untransformed FYGPA
Coefficient
SE
t Ratio
3.239
0.020
165.08

Intercept
Selectivity
Private
0.090
0.027
3.33
Male
-0.249
0.015 -16.754
-0.169
0.010
-17.50
Black
-0.411
0.036 -11.287
-0.273
0.023
-11.65
Hispanic
-0.322
0.030 -10.850
-0.213
0.018
-11.63
Other Ethnicity
-0.091
0.042
-2.171
-0.068
0.027
-2.53
Low SES
-0.092
0.028
-3.330
-0.099
0.015
-5.55
Other Language
-0.145
0.032
-4.513
-0.110
0.020
-5.42
AP Average
0.334
0.012
28.051
0.207
0.009
21.82
Private
-0.041
0.015
-2.82
Male
-0.033
0.013
-2.478
Asian
0.048
0.022
2.179
Hispanic
-0.071
0.025
-2.865
Other Language
-0.061
0.027
-2.241
-0.048
0.016
-2.96
Note. Only statistically significant terms are shown. The value of the reference group's
parameter is shown first, followed by terms indicating that the parameter takes on a
different value in a particular focal group.
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Table A.3. Average Overprediction (-) and Underprediction (+) of FYGPA by AP
English
N
Gender
Ethnicity

SES
Language

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

4216
2776
25
823
350
775
241
4778
1518
5474
437
6555
6992

Total

AP English
TR
0.05
-0.08
0.08
0.00
-0.41
-0.16
-0.05
0.06
-0.12
0.03
-0.08
0.01
0

UTR
0.04
-0.06
0.07
0.01
-0.27
-0.14
-0.04
0.04
-0.10
0.03
-0.07
0.00
0

Table A.4. Fixed Effects for the Models Using AP English to Predict FYGPA
Transformed FYGPA
Coefficient
SE
t Ratio
0.266
0.028
9.659

Untransformed FYGPA
Coefficient
SE
t Ratio
Intercept
3.247
0.022
150.15
Private
0.081
0.030
2.66
Male
-0.137
0.023
-6.036
-0.102
0.015
-6.94
Black
-0.481
0.052
-9.244
-0.277
0.039
-7.10
Hispanic
-0.217
0.038
-5.656
-0.153
0.027
-5.72
Low SES
-0.139
0.028
-4.867
-0.108
0.019
-5.82
AP English
0.317
0.014
23.080
0.201
0.013
15.82
Private
-0.074
0.020
-3.72
Black
0.107
0.035
3.01
Hispanic
0.081
0.025
3.23
Note. Only statistically significant terms are shown. The value of the reference group's
parameter is shown first, followed by terms indicating that the parameter takes on a
different value in a particular focal group.
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Table A.5. Average Overprediction (-) and Underprediction (+) FYGPA by AP Calculus
AB
N
Gender
Ethnicity

SES
Language

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

495
649
5
211
35
87
36
770
231
913
90
1054
1144

Total

AP Calculus AB
TR
UTR
0.12
0.07
-0.10
-0.05
0.14
0.15
-0.06
-0.03
-0.32
-0.17
-0.16
-0.14
0.31
0.18
0.04
0.02
-0.30
-0.20
0.07
0.05
-0.11
-0.08
0.01
0.01
0
0

Table A.6. Fixed Effects for the Models Using AP Calculus AB to Predict FYGPA
Average Transformed FYGPA Average Untransformed FYGPA
Coefficient
SE
t Ratio
Coefficient
SE
t Ratio
Intercept
0.506
0.055
9.196
3.335
0.024
139.68
Selectivity
-0.271
0.065
-4.183
Male
-0.246
0.059
-4.145
Low SES
-0.419
0.074
-5.630
-0.271
0.044
-6.14
AP Calculus AB
0.199
0.026
7.687
0.103
0.018
5.79
Note. Only statistically significant terms are shown. The value of the reference group's
parameter is shown first, followed by terms indicating that the parameter takes on a
different value in a particular focal group.
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Table A.7. Average Overprediction (-) and Underprediction (+) of FYGPA by AP U.S.
History
N
Gender
Ethnicity

SES
Language

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

5022
4290
41
1120
429
826
312
6584
2046
7266
577
8735
9312

Total

AP U.S. History
TR
UTR
0.09
0.06
-0.11
-0.07
0.04
0.01
-0.01
-0.00
-0.31
-0.21
-0.17
-0.14
-0.09
-0.05
0.05
0.03
-0.13
-0.10
0.04
0.03
-0.12
-0.09
0.01
0.01
0
0

Table A.8. Fixed Effects for the Models Using AP U.S. History to Predict FYGPA
Average Transformed FYGPA
Coefficient
SE
t Ratio
0.306
0.023
13.133
-0.252
0.032
-7.995
-0.210
0.019 -10.883
-0.370
0.047
-7.912
-0.221
0.037
-6.054
-0.139
0.053
-2.623
-0.152
0.024
-6.243

Average Untransformed FYGPA
Coefficient
SE
t Ratio
3.335
0.024
139.68
0.013
0.025
0.51
-0.139
0.012
-11.28
-0.259
0.030
-8.66
-0.174
0.023
-7.39
-0.092
0.034
-2.71
-0.113
0.016
-7.22

Intercept
Selectivity
Male
Black
Hispanic
Other Ethnicity
Low SES
AP U.S. History
Intercept
0.278
0.010
27.708
0.170
0.007
24.38
Selectivity
-0.051
0.012
-4.39
Note. Only statistically significant terms are shown. The value of the reference group's
parameter is shown first, followed by terms indicating that the parameter takes on a
different value in a particular focal group.
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APPENDIX B
TABLES FOR RESEARCH QUESTION THREE
Table B.1. Average overprediction (-) and underprediction (+) of FYGPA by AP Average
Controlling for Other Performance and High School Variables
N
Gender
Ethnicity

SES
Language
Total

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

8691
7209
75
1854
715
1464
508
11284
1364
14536
1047
14853
15900
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AP Average
TR
UTR
0.08
0.06
-0.10
-0.07
0.11
0.05
-0.01
0.00
-0.12
-0.09
-0.12
-0.10
0.01
-0.01
0.02
0.02
-0.04
-0.06
0.00
0.01
-0.07
-0.06
0.01
0.00
0
0

Table B.2. Fixed Effects for the Models Using AP Average to Predict FYGPA Controlling
for Other Performance and High School Variables
Average Transformed FYGPA
Coefficient
SE
t Ratio
0.337
0.050
6.76
-0.279
0.050
-5.60
-0.156
0.070
-2.24
0.001
0.000
3.71
0.001
0.000
10.81
0.002
0.000
12.22
0.688
0.018
37.70
0.000
0.000
3.46

Average Untransformed FYGPA
Coefficient
SE
t Ratio
3.225
0.021
156.62
-0.078
0.021
-3.76

Intercept
Selectivity
Private
SAT CR
0.000
0.000
2.31
SAT M
0.001
0.000
8.41
SAT W
0.001
0.000
11.20
HSGPA
0.441
0.012
36.70
High School Size
Number of AP
0.004
0.001
4.95
courses Offered
Male
-0.223
0.015
-14.95
-0.146
0.010
-15.02
Black
-0.163
0.034
-4.73
-0.134
0.022
-5.95
Hispanic
-0.182
0.027
-6.81
-0.122
0.018
-6.94
Other Ethnicity
-0.091
0.042
-2.171
Low SES
-0.092
0.028
-3.330
-0.054
0.017
-3.20
Other Language
-0.046
0.019
-2.38
AP Average
Intercept
0.138
0.012
11.16
0.085
0.007
11.62
Private
0.064
0.018
3.55
Hispanic
-0.063
0.021
-2.96
Note. Only statistically significant terms are shown. The value of the reference group's
parameter is shown first, followed by terms indicating that the parameter takes on a
different value in a particular focal group.
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Table B.3. Average Overprediction (-) and Underprediction (+) of FYGPA by AP English
Controlling for Other Performance and High School Variables
N
Gender
Ethnicity

SES
Language
Total

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

4216
2776
25
823
350
775
241
4778
1518
5474
437
6555
6992
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AP English
TR
0.06
-0.10
0.23
-0.02
-0.18
-0.07
-0.00
0.03
-0.07
0.02
-0.04
0.00
0

UTR
0.04
-0.07
0.16
-0.01
-0.14
-0.07
-0.01
0.02
-0.06
0.02
-0.03
0.00
0

Table B.4. Fixed Effects for the Models Using AP English to Predict FYGPA Controlling
for Other Performance and High School Variables
Average Transformed FYGPA
Coefficient
SE
t Ratio
0.284
0.040
7.073
-0.312
0.054
-5.779
0.001
0.000
3.277
0.002
0.000
9.132
0.002
0.000
7.922
0.672
0.028
24.417
0.000
0.000
2.610
-0.187
0.023
-8.306
-0.209
0.049
-4.246

Average Untransformed FYGPA
Coefficient
SE
t Ratio
3.296
0.019
177.36
-0.079
0.025
-3.13
0.000
0.000
2.90
0.001
0.000
7.48
0.001
0.000
7.41
0.418
0.018
23.43

Intercept
Selectivity
SAT CR
SAT M
SAT W
HSGPA
High School Size
Male
-0.128
0.015
-8.67
Black
-0.133
0.037
-3.58
Hispanic
-0.080
0.025
-3.13
Low SES
-0.102
0.027
-3.847
-0.083
0.018
-4.68
AP English
Intercept
0.107
0.017
6.410
Black
0.090
0.033
2.72
Hispanic
0.054
0.023
2.29
Note. Only statistically significant terms are shown. The value of the reference group's
parameter is shown first, followed by terms indicating that the parameter takes on a
different value in a particular focal group.
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Table B.5. Average Overprediction (-) and Underprediction (+) of FYGPA by AP
Calculus AB Controlling for Other Performance and High School Variables
N

AP Calculus AB
TR
UTR
Gender
Female
495
0.07
0.04
Male
649
-0.05
-0.03
Ethnicity American Indian
5
0.11
0.15
Asian
211
0.00
-0.00
Black
35
-0.02
-0.02
Hispanic
87
-0.08
-0.08
Other
36
0.26
0.16
White
770
-0.00
0.00
SES
Low
231
-0.20
-0.14
High
913
0.05
0.03
Language Other Language
90
0.00
-0.02
English
1054
-0.00
0.00
Total
1144
0
0
Note. AP Calculus AB was not a statistically significant predictor of transformed FYGPA.

Table B.6. Fixed Effects for the Models Using AP Calculus AB to Predict FYGPA
Controlling for Other Performance and High School Variables
Average Transformed FYGPA Average Untransformed FYGPA
Coefficient
SE
t Ratio
Coefficient
SE
t Ratio
Intercept
0.393
0.043
9.179
3.344
0.020
170.40
Selectivity
-0.327
0.066
-4.921
SAT W
0.003
0.000
6.909
0.002
0.000
6.36
HSGPA
0.863
0.076
11.297
0.497
0.045
11.04
Low SES
-0.299
0.071
-4.199
-0.201
0.042
-4.77
Note. Only statistically significant terms are shown. The value of the reference group's
parameter is shown first, followed by terms indicating that the parameter takes on a
different value in a particular focal group.
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Table B.7. Average Overprediction (-) and Underprediction (+) of FYGPA by AP U.S.
History Controlling for Other Achievement and High School Variables
N
Gender
Ethnicity

SES
Language

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

5022
4290
41
1120
429
826
312
6584
2046
7266
577
8735
9312

Total

AP U.S. History
TR
UTR
0.08
0.05
-0.09
-0.06
0.10
0.05
-0.02
-0.01
-0.10
-0.09
-0.08
-0.07
-0.05
-0.03
0.02
0.02
-0.08
-0.06
0.02
0.02
-0.03
-0.03
0.00
0.00
0
0

Table B.8. Fixed Effects for the Models Using AP U.S. History to Predict FYGPA
Controlling for Other Performance and High School Variables
Average Transformed FYGPA
Coefficient
SE
t Ratio
0.363
0.037
9.893
-0.386
0.050
-7.741
0.002
0.000
11.676
0.002
0.000
11.870
0.659
0.024
27.537
-0.206
0.019 -10.722
-0.111
0.044
-2.522

Average Untransformed FYGPA
Coefficient
SE
t Ratio
3.314
0.018
180.15
-0.071
0.028
-2.57
0.001
0.000
10.09
0.001
0.000
10.07
0.405
0.015
26.29
-0.134
0.012
-10.82
-0.115
0.029
-4.01
-0.091
0.022
-4.05
-0.081
0.015
-5.44

Intercept
Selectivity
SAT M
SAT W
HSGPA
Male
Black
Hispanic
Low SES
-0.115
0.023
-5.040
AP U.S. History
Intercept
0.157
0.010
15.055
0.091
0.007
13.64
Selectivity
-0.036
0.010
-3.59
Note. Only statistically significant terms are shown. The value of the reference group's
parameter is shown first, followed by terms indicating that the parameter takes on a
different value in a particular focal group.
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APPENDIX C
TABLES FOR RESEARCH QUESTION FOUR
Table C.1. Average Overprediction (-) and Underprediction (+) of Second-Year
Retention by AP Average, SAT, and HSGPA

Gender
Ethnicity

SES
Language
Total

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

N
8691
7209
75
1854
715
1464
508
11284
1364
14536
1047
14853
15900
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AP Average
0.00
-0.00
-0.04
0.02
0.01
-0.02
0.00
-0.00
-0.03
0.00
0.00
-0.00
0

SAT
0.00
-0.00
-0.04
0.02
0.02
-0.01
0.00
-0.00
-0.02
0.00
0.01
-0.00
0

HSGPA
0.00
-0.00
-0.03
0.02
0.01
-0.02
0.00
-0.00
-0.04
0.00
0.00
-0.00
0

Table C.2. Fixed Effects for the Model Using AP Average to Predict Second-Year
Retention
Fixed Effect
Average Second-year Retention,  0

Coefficient

SE

z value

Intercept,  00

2.304

0.067

34.22

Selectivity,  01

0.483

0.105

7.53

0.259

0.034

7.53

0.388

0.110

3.52

-0.342

0.090

-3.79

-0.054

0.123

-0.44

Model for AP Average, 1
Intercept,  10
Model for Asian,  2
Intercept,  20
Model for Low SES,  3
Intercept,  30
Model for Other Language,  4
Intercept,  40
Model for AP  Other Language,  5
-0.239
0.097
-2.47
Intercept,  50
Note. The symbols relate to equations (3.12) and (3.13). All terms in Table C.2 except
 40 was statistically significant.
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Table C.3. Average Overprediction (-) and Underprediction (+) of Second-Year
Retention by AP English

Gender
Ethnicity

SES
Language

N
4216
2776
25
823
350
775
241
4778
1518
5474
437
6555
6992

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

Total

AP English
0.00
-0.00
0.06
0.03
0.00
-0.02
-0.00
-0.00
-0.02
0.00
0.01
-0.00
0

Table C.4. Fixed Effects for the Model Using AP English to Predict Second-Year
Retention

Fixed Effect
Average Second-year Retention,  0

Coefficient

SE

z value

Intercept,  00

2.575

0.138

18.697

Selectivity,  01

0.549

0.136

4.047

0.317

0.052

6.079

Model for AP English, 1
Intercept,  10
Model for Asian,  2
0.547
0.174
3.141
Intercept,  20
Note. The symbols relate to equations (3.12) and (3.13). Only statistically significant
terms are shown.
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Table C.5. Average Overprediction (-) and Underprediction (+) of Second-Year
Retention by AP Calculus AB

Gender
Ethnicity

SES
Language

N
495
649
5
211
35
87
36
770
231
913
90
1054
1144

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

Total

AP Calculus AB
-0.02
0.01
-0.11
0.02
0.06
-0.04
0.02
-0.01
-0.04
0.00
0.01
-0.00
0

Table C.6. Fixed Effects for the Model Using AP Calculus AB to Predict Second-Year
Retention

Fixed Effect
Average Second-year Retention,  0
Intercept,  00

Coefficient
2.575

SE

z value

0.138

18.697

Model for AP Calculus AB, 1
0.324
0.082
3.954
Intercept,  10
Note. The symbols relate to equations (3.12) and (3.13). Only statistically significant
terms are shown.
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Table C.7. Average Overprediction (-) and Underprediction (+) of Second-Year
Retention by AP U.S. History

Gender
Ethnicity

SES
Language

N
5022
4290
41
1120
429
826
312
6584
2046
7266
577
8735
9312

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

Total

AP U.S. History
0.00
-0.00
-0.03
0.02
0.01
-0.02
-0.00
-0.00
-0.01
0.00
0.01
-0.00
0

Table C.8. Fixed Effects for the Model Using AP U.S. History to Predict Second-Year
Retention

Fixed Effect
Average Second-year Retention,  0

Coefficient

SE

z value

Intercept,  00

2.425

0.081

29.946

Selectivity,  01

0.471

0.126

3.745

0.247

0.042

5.882

0.396

0.148

2.669

Model for AP U.S. History, 1
Intercept,  10
Model for Asian,  2
Intercept,  20
Model for Low SES,  3
-0.196
0.090
-2.189
Intercept,  30
Note. The symbols relate to equations (3.12) and (3.13). Only statistically significant
terms are shown.
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APPENDIX D
TABLES FOR RESEARCH QUESTION FIVE
Table D.1. Average Overprediction (-) and Underprediction (+) of Second-Year
Retention by AP Average Controlling for Other Achievement and High School Variables

Gender
Ethnicity

SES
Language

N
8691
7209
75
1854
715
1464
508
11284
1364
14536
1047
14853
15900

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

Total

191

AP Average
0.00
-0.00
-0.03
0.02
0.02
-0.01
0.00
-0.00
-0.02
0.00
0.01
-0.00
0

Table D.2. Fixed Effects for the Model Using AP Average to Predict Second-Year
Retention Controlling for Other Achievement and High School Variables
Fixed Effect
Average Second-year Retention,  0

Coefficient

SE

z value

Intercept,  00

2.168

0.097

22.389

Selectivity,  01

0.362

0.097

3.743

0.149

0.039

3.870

0.002

0.000

3.894

0.609

0.069

8.833

0.012

0.005

2.357

0.398

0.110

3.606

0.331

0.138

2.387

-0.278

0.093

-3.004

0.092

0.126

0.730

Model for AP Average, 1
Intercept,  10
Model for SAT W,  2
Intercept,  20
Model for HSGPA,  3
Intercept,  30
Model for Number of AP Courses Offered,  4
Intercept,  40
Model for Asian,  5
Intercept,  50
Model for Black,  6
Intercept,  60
Model for Low SES,  7
Intercept,  70
Model for Other Language,  8
Intercept,  80
Model for AP  Other Language,  9
-0.210 0.097
-2.164
Intercept,  90
Note. The symbols relate to equations (3.16) and (3.17). All terms in Table D.2 except
 80 was statistically significant.
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Table D.3. Average Overprediction (-) and Underprediction (+) of Second-Year
Retention by AP English Controlling for Other Achievement and High School Variables

Gender
Ethnicity

SES
Language

N
4216
2776
25
823
350
775
241
4778
1518
5474
437
6555
6992

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

Total

AP English
0.00
-0.01
-0.05
0.02
0.02
-0.01
0.00
-0.00
-0.01
0.00
0.01
-0.00
0

Table D.4. Fixed Effects for the Model Using AP English to Predict Second-Year
Retention Controlling for Other Achievement and High School Variables
Fixed Effect
Average Second-year Retention,  0

Coefficient

SE

z value

Intercept,  00

2.330

0.082

28.493

Selectivity,  01

0.478

0.130

3.688

0.004

0.001

5.542

Model for SAT W, 1
Intercept,  10
Model for HSGPA,  2
0.468
0.103
4.526
Intercept,  20
Model for Asian,
0.563
0.174
3.237
Intercept,  30
Note. The symbols relate to equations (3.16) and (3.17). Only statistically significant
terms are shown.
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Table D.5. Average Overprediction (-) and Underprediction (+) of Second-Year
Retention by AP Calculus AB Controlling for Other Achievement and High School
Variables
N
AP Calculus AB
Gender
Female
495
-0.02
Male
649
0.01
Ethnicity
American Indian
5
-0.11
Asian
211
0.03
Black
35
0.08
Hispanic
87
-0.03
Other
36
0.02
White
770
-0.01
SES
Low
231
-0.02
High
913
0.00
Language
Other Language
90
0.02
English
1054
-0.01
Total
1144
0
Note. AP Calculus AB was not a statistically significant predictor of the second-year
retention.

Table D.6. Fixed Effects for the Model Using AP Calculus AB to Predict Second-Year
Retention Controlling for Other Achievement and High School Variables
Fixed Effect
Average Second-year Retention,  0

Coefficient

Intercept,  00

SE

z value

1.755

0.346

5.078

0.006

0.002

3.925

0.037

0.019

1.905

Model for SATW, 1
Intercept,  10
Model for Number of AP Courses Offered,  2
Intercept,  20
Model for Male,  3
0.451
0.228
1.977
Intercept,  30
Note. The symbols relate to equations (3.16) and (3.17). Only statistically significant
terms are shown.
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Table D.7. Average Overprediction (-) and Underprediction (+) of Second-Year
Retention by AP U.S. History Controlling for Other Achievement and High School
Variables

Gender
Ethnicity

SES
Language

N
5022
4290
41
1120
429
826
312
6584
2046
7266
577
8735
9312

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

Total

AP U.S. History
0.00
-0.00
-0.02
0.02
0.02
-0.01
0.00
-0.00
-0.01
0.00
0.02
-0.00
0

Table D.8. Fixed Effects for the Model Using AP U.S. History to Predict Second-Year
Retention Controlling for Other Achievement and High School Variables
Fixed Effect
Average Second-year Retention,  0

Coefficient

SE

z value

Intercept,  00

2.451

0.072

33.81

Selectivity,  01

0.381

0.117

3.26

0.188

0.044

4.28

0.002

0.001

3.22

0.491

0.094

5.23

Model for AP U.S. History, 1
Intercept,  10
Model for SAT M,  2
Intercept,  20
Model for HSGPA,  3
Intercept,  30
Model for Asian,  4
0.362
0.149
2.43
Intercept,  40
Note. The symbols relate to equations (3.16) and (3.17). Only statistically significant
terms are shown.
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APPENDIX E
TABLES FOR RESEARCH QUESTION SIX
Table E.1. Comparison between HLM and Linear Regression to Investigate Average
Overprediction (-) and Underprediction (+) of FYGPA by AP Average Controlling for
Other Achievement and High School Variables
N
Gender
Ethnicity

SES
Language
Total

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

8691
7209
75
1854
715
1464
508
11284
1364
14536
1047
14853
15900
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Transformed
Reg.
HLM
0.08
0.08
-0.10
-0.10
0.09
0.11
-0.03
-0.01
-0.18
-0.12
-0.10
-0.12
-0.01
0.01
0.03
0.02
-0.02
-0.04
0.00
0.00
-0.09
-0.07
0.01
0.01
0
0

Untransformed
Reg.
HLM
0.05
0.06
-0.07
-0.07
0.03
0.05
-0.02
0.00
-0.12
-0.09
-0.14
-0.10
-0.02
-0.01
0.03
0.02
-0.08
-0.06
0.01
0.01
-0.09
-0.06
0.01
0.00
0
0

Table E.2. Comparison between HLM and Linear Regression to Investigate the Models
Using AP Average to Predict FYGPA Controlling for Other Achievement and High
School Variables
Transformed FYGPA
Regression
HLM
0.171
0.337
-0.194
-0.279
-0.045
-0.156
0.167
0.138
0.000
0.001
0.001
0.001
0.001
0.002
0.574
0.688
0.000
0.000
-0.004
-0.216
-0.223
-0.076
-0.276
-0.163
-0.171
-0.182
-0.091

Untransformed FYGPA
Regression
HLM
3.230
3.225
-0.078

Intercept
Selectivity
Private
AP Average
0.101
0.085
SAT CR
0.000
SAT M
0.000
0.001
SAT W
0.001
0.001
HSGPA
0.403
0.441
High School Size
0.000
Number of AP Courses Offered
0.004
Male
-0.142
-0.146
Asian
-0.050
Black
-0.175
-0.134
Hispanic
-0.162
-0.122
Other Ethnicity
-0.053
Other Language
-0.049
-0.046
Low SES
-0.092
-0.044
-0.054
AP Average  Black
-0.080
AP Average  Hispanic
-0.092
-0.063
AP Average  Other Language
-0.034
AP Average  Low SES
0.041
Note. Only statistically significant terms are shown. The value of the reference group's
parameter is shown first, followed by terms indicating that the parameter takes on a
different value in a particular focal group.
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Table E.3. Comparison between HLM and Linear Regression to Investigate Average
Overprediction (-) and Underprediction (+) of FYGPA by AP English Controlling for
Other Achievement and High School Variables
N
Gender
Ethnicity

SES
Language
Total

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

4216
2776
25
823
350
775
241
4778
1518
5474
437
6555
6992
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Transformed
Reg.
HLM
0.06
0.06
-0.09
-0.10
0.16
0.23
-0.04
-0.02
-0.24
-0.18
-0.06
-0.07
-0.01
-0.00
0.03
0.03
-0.04
-0.07
0.01
0.02
-0.05
-0.04
0.00
0.00
0
0

Untransformed
Reg.
HLM
0.04
0.04
-0.07
-0.07
0.10
0.16
-0.02
-0.01
-0.16
-0.14
-0.10
-0.07
-0.01
-0.01
0.03
0.02
-0.07
-0.06
0.02
0.02
-0.05
-0.03
0.00
0.00
0
0

Table E.4. Comparison between HLM and Linear Regression to Investigate the Models
Using AP English to Predict FYGPA Controlling for Other Achievement and High School
Variables

Intercept
Selectivity
Private
AP English
SAT CR
SAT M
SAT W
HSGPA
High School Size
Male
Asian
Black
Hispanic
Other Language
Low SES
AP Average  Black
AP Average  Hispanic

Transformed FYGPA
Regression
HLM
0.220
0.284
-0.161
-0.312
-0.079
0.110
0.107
0.001
0.001
0.001
0.002
0.001
0.002
0.568
0.672
0.000
0.000
-0.181
-0.187
-0.084
-0.295
-0.209
-0.101
-0.102

Untransformed FYGPA
Regression
HLM
3.240
3.296
-0.079
0.064
0.000
0.001
0.000
0.393
0.000
-0.125
-0.049
-0.155
-0.128
-0.077
0.085

0.040
0.000
0.001
0.001
0.418
-0.128
-0.133
-0.080
-0.083
0.090
0.054

Note. Only statistically significant terms are shown. The value of the reference group's
parameter is shown first, followed by terms indicating that the parameter takes on a
different value in a particular focal group.
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Table E.5. Comparison between HLM and Linear Regression to Investigate Average
Overprediction (-) and Underprediction (+) of FYGPA by AP Calculus AB Controlling
for Other Achievement and High School Variables
N

Transformed
Untransformed
Reg.
HLM
Reg.
HLM
Gender
Female
495
0.08
0.07
0.05
0.04
Male
649 -0.06
-0.05
-0.04
-0.03
Ethnicity
American Indian
5
0.19
0.11
0.19
0.15
Asian
211 -0.04
0.00
-0.03
-0.00
Black
35 -0.11
-0.02
-0.06
-0.02
Hispanic
87 -0.07
-0.08
-0.10
-0.08
Other
36
0.29
0.26
0.18
0.16
White
770
0.01
-0.00
0.01
0.00
SES
Low
231 -0.19
-0.20
-0.14
-0.14
High
913
0.05
0.05
0.04
0.03
Language
Other Language
90 -0.01
0.00
-0.02
-0.02
English
1054
0.00
-0.00
0.00
0.00
Total
1144
0
0
0
0
Note. AP Calculus AB was not a statistically significant predictor of transformed FYGPA
in HLM.

Table E.6. Comparison between HLM and Linear Regression to Investigate the Models
Using AP Calculus AB to Predict FYGPA Controlling for Other Achievement and High
School Variables
Transformed FYGPA
Untransformed FYGPA
Regression
HLM
Regression
HLM
Intercept
0.401
0.393
3.303
3.344
Selectivity
-0.311
-0.327
AP Calculus AB
0.119
0.069
SAT W
0.002
0.003
0.001
0.002
HSGPA
0.752
0.863
0.458
0.497
Male
-0.165
Low SES
-0.272
-0.299
-0.197
-0.201
Note. Only statistically significant terms are shown. The value of the reference group's
parameter is shown first, followed by terms indicating that the parameter takes on a
different value in a particular focal group.
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Table E.7. Comparison between HLM and Linear Regression to Investigate Average
Overprediction (-) and Underprediction (+) of FYGPA by AP U.S. History Controlling
for Other Achievement and High School Variables
N
Gender
Ethnicity

SES
Language
Total

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

5022
4290
41
1120
429
826
312
6584
2046
7266
577
8735
9312
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Transformed
Reg.
HLM
0.08
0.08
-0.09
-0.09
0.08
0.10
-0.05
-0.02
-0.14
-0.10
-0.06
-0.08
-0.05
-0.05
0.03
0.02
-0.05
-0.08
0.01
0.02
-0.04
-0.03
0.00
0.00
0
0

Untransformed
Reg.
HLM
0.05
0.05
-0.06
-0.06
-0.00
0.05
-0.04
-0.01
-0.11
-0.09
-0.11
-0.07
-0.04
-0.03
0.03
0.02
-0.07
-0.06
0.02
0.02
-0.07
-0.03
0.00
0.00
0
0

Table E.8. Comparison between HLM and Linear Regression to Investigate the Models
Using AP U.S. History to Predict FYGPA Controlling for Other Achievement and High
School Variables
Transformed FYGPA
Regression
HLM
0.224
0.363
-0.256
-0.386
0.152
0.157
0.001
0.002
0.002
0.002
0.565
0.659
0.000
-0.005
-0.193
-0.206
-0.084
-0.175
-0.111
-0.077

Untransformed FYGPA
Regression
HLM
3.269
3.314
-0.071
0.095
0.091
0.001
0.001
0.001
0.001
0.387
0.405
0.000

Intercept
Selectivity
AP U.S. History
SAT M
SAT W
HSGPA
High School Size
Number of AP Courses Offered
Male
-0.128
-0.134
Asian
-0.069
Black
-0.154
-0.115
Hispanic
-0.131
-0.091
Other Ethnicity
-0.070
Low SES
-0.056
-0.115
-0.075
-0.081
Note. Only statistically significant terms are shown. The value of the reference group's
parameter is shown first, followed by terms indicating that the parameter takes on a
different value in a particular focal group.
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Table E.9. Comparison between HNLM and Logistic Regression to Investigate Average
Overprediction (-) and Underprediction (+) of Second-Year Retention by AP Average
Controlling for Other Achievement and High School Variables
N
Gender
Ethnicity

SES
Language

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

8691
7209
75
1854
715
1464
508
11284
1364
14536
1047
14853
15900

Total

203

Logistic
Regression
-0.00
0.00
-0.04
0.02
0.03
-0.01
0.01
-0.00
-0.02
0.00
0.01
-0.00
0

HNLM
0.00
-0.00
-0.03
0.02
0.02
-0.01
0.00
-0.00
-0.02
0.00
0.01
-0.00
0

Table E.10. Comparison between HNLM and Logistic Regression to Investigate the
Models Using AP Average to Predict Second-Year Retention Controlling for Other
Achievement and High School Variables
Logistic
HNLM
Regression
Intercept
2.528
2.169
Selectivity
0.279
0.362
Private Status
-0.206
AP Average
0.159
0.149
SAT M
0.002
SAT W
0.002
0.002
HSGPA
0.692
0.609
Number of AP Courses Offered
0.014
0.012
Asian
0.308
0.398
Black
0.367
0.331
Low SES
-0.287
-0.278
Other Language
0.151
0.092
AP  Other Language
-0.225
-0.210
Note. All terms except for Other Language in HNLM were statistically significant. The
value of the reference group's parameter is shown first, followed by terms indicating that
the parameter takes on a different value in a particular focal group.
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Table E.11. Comparison between HNLM and Logistic Regression to Investigate Average
Overprediction (-) and Underprediction (+) of Second-Year Retention by AP English
Controlling for Other Achievement and High School Variables
Logistic
HNLM
Regression
Gender
Female
4216
0.00
0.00
Male
2776
-0.00
-0.00
Ethnicity
American Indian
25
-0.05
-0.06
Asian
823
0.02
0.03
Black
350
0.03
0.01
Hispanic
775
-0.01
-0.02
Other
241
0.00
0.00
White
4778
-0.00
-0.00
SES
Low
1518
-0.01
-0.01
High
5474
0.00
0.00
Language
Other Language
437
0.02
0.01
English
6555
-0.00
-0.00
Total
6992
0
0
Note. AP English was not a statistically significant predictor of the second-year retention
in HNLM and logistic regression.
N

Table E.12. Comparison between HNLM and Logistic Regression to Investigate the
Models Using AP English to Predict Second-Year Retention Controlling for Other
Achievement and High School Variables
Logistic
HNLM
Regression
Intercept
2.457
2.330
Selectivity
0.253
0.478
SAT Math
0.002
SAT Writing
0.003
0.004
HSGPA
0.547
0.468
Asian
0.444
0.563
Note. Only statistically significant terms are shown. The value of the reference group's
parameter is shown first, followed by terms indicating that the parameter takes on a
different value in a particular focal group.
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Table E.13. Comparison between HNLM and Logistic Regression to Investigate Average
Overprediction (-) and Underprediction (+) of Second-Year Retention by AP Calculus
AB Controlling for Other Achievement and High School Variables
Logistic
HNLM
Regression
Gender
Female
495
-0.01
-0.02
Male
649
0.01
0.01
Ethnicity
American Indian
5
-0.11
-0.11
Asian
211
0.03
0.03
Black
35
0.08
0.08
Hispanic
87
-0.03
-0.03
Other
36
0.02
0.02
White
770
-0.01
-0.01
SES
Low
231
-0.01
-0.02
High
913
0.00
0.00
Language
Other Language
90
0.02
0.02
English
1054
-0.00
-0.01
Total
1144
0
0
Note. AP Calculus AB was not a statistically significant predictor of the second-year
retention in HNLM but it was significant in logistic regression.
N

Table E.14. Comparison between HNLM and Logistic Regression to Investigate the
Models Using AP Calculus AB to Predict Second-Year Retention Controlling for Other
Achievement and High School Variables
Logistic
Regression
2.596
0.203
0.005

HNLM

Intercept
1.755
AP Calculus AB
SAT W
0.006
Number of AP Courses Offered
0.037
Male
0.451
Note. Only statistically significant terms are shown. The value of the reference group's
parameter is shown first, followed by terms indicating that the parameter takes on a
different value in a particular focal group.
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Table E.15. Comparison between HNLM and Logistic Regression to Investigate Average
Overprediction (-) and Underprediction (+) of Second-Year Retention by AP U.S. History
Controlling for Other Achievement and High School Variables
N
Gender
Ethnicity

SES
Language

Female
Male
American Indian
Asian
Black
Hispanic
Other
White
Low
High
Other Language
English

Total

5022
4290
41
1120
429
826
312
6584
2046
7266
577
8735
9312

Logistic
Regression
0.00
-0.00
-0.03
0.02
0.03
-0.01
0.00
-0.00
-0.01
0.00
0.03
-0.00
0

HNLM
0.00
-0.00
-0.02
0.02
0.02
-0.01
0.00
-0.00
-0.01
0.00
0.02
-0.00
0

Table E.16. Comparison between HNLM and Logistic Regression to Investigate the
Models Using AP U.S. History to Predict Second-Year Retention Controlling for Other
Achievement and High School Variables
Logistic
HNLM
Regression
Intercept
2.577
2.451
Selectivity
0.173
0.381
AP U.S. History
0.202
0.188
SAT M
0.003
0.002
HSGPA
0.590
0.491
Asian
0.396
0.362
Low SES
-0.206
Note. Only statistically significant terms are shown. The value of the reference group's
parameter is shown first, followed by terms indicating that the parameter takes on a
different value in a particular focal group.
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